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PREFACE 


On  April  27,  1971,  the  National  Bridge  Inspection  Standards  were  presented 
to  all  states.  These  standards  require  a  bridge  rating  to  determine  the  safe 
load  carrying  capacity  for  each  bridge  in  the  nation.  We  in  the  State  of 
Wyoming  felt  that  it  would  be  a  monumental  task  to  rate  the  approximately 
2,000  bridges  in  our  state  by  hand.  We,  therefore,  felt  that  we  had  to  look 
to  a  computer  system  for  help. 

We  had  originally  visualized  and  charted  our  Bridge  Design  System  in  1966. 
At  that  time,  programming  of  the  system,  consisting  of  two  basic  subsystems, 
Structural  Analysis  and  the  Structural  Loading, was  begun.  By  April,  1971, 
the  system  was  nearly  self-sufficient  and  many  of  the  bridges  that  must  be 
rated  had  been  designed  by  the  system. 

in  addition,  the  original  plan  had  included  an  Overload  and  Section  Design 
subsystem.  But  by  1971,  development  of  this  subsystem  had  not  yet  been  started. 

Upon  completing  cost  studies  for  the  rating  of  our  bridges  by  manual  methods 
and  for  the  expansion  of  our  Bridge  Design  System,  we  found  it  feasible  to 
expand  the  system  to  determine  our  bridge  ratings. 

Tlie  contents  of  this  report  reflect  the  views  of  the  Wyoming  Highway  Department 
which  is  responsible  for  the  facts  and  the  accuracy  of  the  data  nresented  herein 
The  contents  do  not  necessarily  reflect  the  official  views  or  policy  of  the 
Department  of  Transportation.  This  report  does  not  constitute  a  standard, 
specification  or  regulation. 
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1.  GENERAL  INFORMATION 

1.1  Scope .  This  system  has  been  developed  so  tliat  a  designer  or  user 
may  design,  review  or  load  rate  structures.  For  example,  in  the  design 
phase  of  a  concrete  structure,  the  user  would  make  a  preliminary  layout 
of  his  structure  and  ask  the  computer  to  give  him  the  amount  of  steel  in 
the  concrete  sections  that  is  required  and  the  actual  stresses  in  all  parts 
of  the  section  that  is  critical.  In  the  review  and  rating  phase,  the  user 
would  code  the  data  from  "as  constructed"  plans  and  inspection  reports. 

This  system  will  also  design,  review  and  load  rate  transversely  reinforced 
concrete  deck  slabs  and  timber  decks. 

The  loading  component  of  the  system  allows  dead  loads  and  live  loads. 
The  live  loads  consist  of  what  are  commonly  called  lane  loads  in  the 
AASIIO  manual  and  the  HS  truck.  The  HS  truck  has  three  axles  with  variable 
spacing  between  the  second  and  last  axle.  The  live  loading  may  also  con- 
sist of  from  one  to  24  wheel  loads  at  selected  spacings.  All  live  loads 
may  be  applied  to  the  structure  in  a  directional  manner;  that  is,  the  user 
may  have  trucks  going  in  one  direction,  ahead  station  for  instance,  or 
have  them  going  in  both  directions.  This  facilitates  load  rating  structures 
that  have  single  direction  traffic. 

The  section  design  component  of  the  system  has  been  combined  to  handle 
steel  girders,  concrete  girders,  concrete  slabs,  timber  beams,  and  com- 
posite concrete- steel  girders.  The  steel  sections  are  always  assumed  to 
be  broken  into  parts.  This  means  that  when  a  wide  flange  girder  or  built- 
up  steel  girder  bridge  is  to  be  designed  or  rated,  one  must  enter  dimensions 
of  the  flange,  the  web  and  the  fillets,  as  required. 

The  analysis  component  handles  rigid  frames  one  story  in  height  with  as 
many  as  seven  legs.   It  will  handle  continuous  structures  with  from  one 
to  19  spans  and  slant  leg  structures  with  three  through  five  spans.  Rigid 
frame  analysis  allows  no  sidesway  or  settlement  of  any  joints.  The  slant 
leg  analysis  allows  sidesway  of  all  upper  joints  and  settlement  of  any 
upper  joint  into  which  the  leg  frames.  Cantilever  spans,  hinges  or  nin 
connections  are  not  allowed. 

The  load  rating  portion  of  the  section  analysis  component  load  rates  on 
shears,  flexural  stresses  and  bearing  stresses.  The  bearing  stresses 
govern  only  at  the  ends  of  the  member.  These  load  ratings  may  be  controlled 
by  the  user  entering  those  allowable  stresses  that  he  wishes.  For  example, 
if  at  the  1.0  point,  a  person  did  not  want  to  load  rate  on  bearing  stresses, 
he  need  just  omit  the  allowable  stress  in  bearing.   In  composite  sections 
the  user  may  load  rate  all  allowable  shears  between  composite  concrete 
and  the  steel  girder  by  simply  entering  in  the  amount  of  shear  allowed 
in  that  region,  i.e.,  shear  developed  by  shear  connectors,  welds,  etc. 
A  natural  outcome  of  this  is  that  if  one  wants  to  design  for  the  shear 
in  a  weld  section  between  flanges  and  web,  he  just  needs  to  place  an 
allowable  shear  stress  in  the  weld. 

The  inventory  component,  as  mentioned  herein,  is  not  included  in  the 
system. 

1.2  System  Concepts.  The  system  concepts  as  displayed  in  Figure  1, 
entitled,  "Bridge  Design  Subsystem",  are  that  of  separate  components 
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being  related  by  a  program  that  is  called  the  executive  control.  The 
executive  control  has  the  duty  of  determining  what  the  next  job  is  that 
should  be  done.  The  input  cards,  called  control  cards,  coded  by  the  user 
call  the  first  program  in  the  series.  Data  cards  following  control  cards 
determine  the  phases  to  follow  in  a  given  component. 

Components  are  a  group  of  programs  that  perform  a  single  and  specific  io!^. 
These  jobs  generally  break  down  into  categories  of  work.  The  inventory 
component  (Figure  2)  indicates  that  it  has  the  job  of  building  an  inventory 
file  and  maintaining  it.  The  inventory  file  contains  a  route  file,  con- 
sisting of  a  route,  a  section  of  that  route,  mileposts  at  which  structures 
are  located,  and  the  number  of  structures  at  each  location.  The  route 
file  identifies  the  structure  on  the  main  file.  The  main  file  carries 
all  data  related  to  that  structure.  No  structure  is  entered  in  the  file 
more  than  once,  except  in  the  route  portion  of  the  file.  The  data  that 
is  on  the  inventory  file  consists  of  all  items  currently  required  by  the 
Federal  Highway  Administration  in  its  bridge  inventory.  Also  maintained 
on  file,  are  inspection  data,  which  describe  the  condition  of  a  structure 
so  that  it  may  be  down  rated  if  in  poor  condition. 

The  deck  design  and  review  component  (Figure  3)  reviews,  designs  or  rates 
the  decks  of  bridges.  The  decks  may  be  continuous  over  girders  or  sinrsle 
spans  with  cantilever  edges.   In  order  for  a  user  to  design  a  concrete 
deck,  it  is  only  necessary  for  him  to  omit  the  amount  of  steel  required 
in  tension  regions  of  the  deck.  The  designer  may  obtain  the  ratings  by 
filling  out  a  request  in  the  input. 

The  structural  analysis  component  (Figure  4)  develops  influence  lines 
for  moments,  shears  and  reactions  for  each  point  on  the  structure  that 
the  designer  has  requested.  These  influence  lines  are  stored  on  the 
direct  access  file  denoted  as  the  executive  work  file.  The  executive 
work  file  will  be  built  by  each  component  with  all  data  that  will  be 
required  by  subsequent  components.  This  component  also  has  the  tasV  of 
developing  all  dimensions  for  each  section  of  the  beam.  These  dimensions 
consist  of  flange  thicknesses  and  widths,  web  depths  and  thicknesses, 
fillet  dimensions,  composite  slab  dimensions,  etc. 

The  structural  loading  component  (Figure  5)  searches  out  each  influence 
line  and  applies  the  dead  load  to  it  as  requested  and  then  applies  each 
of  the  live  loads  that  the  user  wants.  There  may  be  three  live  loads 
on  any  given  run.  These  live  loads  may  be  any  combination  of  the  afore- 
mentioned loading  types.  The  live  loading  portion  develops  what  is  called 
an  action  matrix.  This  matrix  consists  of  shears,  moments,  axial  and 
reaction  actions.  The  diagonal  of  this  matrix  is  the  maximum  value  for 
that  loading  condition.  The  other  elements  of  that  column  are  the  other 
actions,  with  the  live  load  in  the  position  that  created  the  maximum  in 
the  diagonal  element.  Therefore,  when  load  rating  a  section,  one  may 
find  an  axial  load  and  its  corresponding  flexural  stresses  for  similar 
loadings . 

This  component  also  has  the  task  of  developing  influence  lines  for  de- 
flections. The  reason  for  this  not  being  in  the  analysis  portion  is  that 
the  user  needs  to  develop  an  influence  line  for  a  unit  load  crossing  a 
span  in  his  deflection  calculations.  Then,  if  so  requested,  the  component 
will  develop  deflections.  These  deflections  are  for  both  dead  load  and 
live  load. 
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The  girder  section  design  and  review  component  (Figure  6)  reads  in  the 
dimensional  data  developed  by  the  analysis  component  program,  the  matrix 
developed  by  the  load  rating  program,  and  other  data  necessary  from  cards 
coded  by  the  user.  From  this  data,  allowable  stresses  and  actual  stresses 
are  developed  and  stored  on  the  direct  access  file.   If  requested  by  the 
user,  the  data  is  used  in  the  calculation  of  load  rating  factors.  The 
load  rating  factors  are  numbers  which  indicate  the  intensities  of  live 
loads  that  may  be  applied  to  this  structure  within  the  limits  that  have 
been  coded.  That  is,  the  actual  stress  will  be  equal  to  the  allowable 
stress  if  this  intensity  is  applied, 

fn  composite  section  design,  a  person  codes  a  run  for  dead  load  using  a 
steel  section  as  the  structural  element  and  then  applying  the  dead  load 
whicli  would  be  on  the  structure.  The  dead  load,  of  course,  would  be  the 
unit  weight  of  the  material  of  the  girder,  the  weight  of  the  forms, 
and  the  weight  of  the  concrete  that  will  be  placed.   If  there  is  a  live 
load  that  must  be  applied  at  this  time,  such  as  screeding  equipment,  etc., 
it  may  be  placed  in  this  dead  load  run.  Of  course,  this  would  never 
be  the  case  when  strictly  rating  a  structure.  Next,  the  user  must  code 
a  live  load  run  which  would  be  in  the  job  stream  immediately  following 
the  dead  load  run.  Now  the  section  will  be  the  composite  section  with 
no  dead  load,  except  superimposed  dead  load,  consisting  of  surfacing, 
curbs,  etc.  Then  the  live  loadings  would  be  coded  so  that  ratings  may 
be  made  for  each. 

There  is  a  relationship  between  what  is  referred  to  as  truck  no.  1  in  the 
deck  design  portion  and  truck  no.  1  in  the  girder  design  portion;  i.e., 
they  must  be  identical.  Load  ratings  are  calculated  for  each  corresponding 
truck  and  the  summary  sheet  will  indicate  the  smallest  load  factor,  and 
where  it  is  in  the  deck  or  in  the  girder.  The  summary  sheet  indicates 
the  governing  load  factor,  the  position  of  the  factor  (deck  or  girder), 
and  the  type  of  stress,  such  as  a  shear,  flexure  stress  or  bearing. 

1.3  Programming  Information.  The  programs  are  coded  for  the  IBM  360 
Model  40  computer,  utilizing  a  storage  capacity  of  72,000  Bytes.  All 
programming  has  been  done  using  Fortran  IV  language. 

Programming  controls  for  design  or  review  of  a  structure  were  established 
and  consist  of  the  following: 

a.  The  engineer  must  have  full  control  over  output  desired.  That 
is,  by  coding,  he  should  be  able  to  obtain  intermediate  output, 
along  with  final  results.  This  concept  enables  the  engineer  to 
check  all  steps  in  a  design. 

b.  The  system  should  be  flexible  enough  to  allow  incorporation  of 
any  type  of  future  structural  analysis.  Types  of  structures  that 
the  system  is  capable  of  analyzing  are  described  in  the  description 
of  input,  Structural  Analysis. 

c.  The  flexibility  of  the  system  must  be  such  that  a  complete  design 
would  be  possible  with  one  run  of  the  system.  This  means  that  any 
parameters  calculated  in  the  program  must  be  stored  on  a  file  for 
use  by  any  future  program  as  input.   It  should  be  possible  to  analyze 
the  girders  by  the  analysis  portion,  load  the  girders  with  the  load 
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routines,  design  (or  review)  the  sections  with  the  design  routines, 
etc.,  (getting  the  desired  output  from  each  component)  all  in  one 
run . 

d.  The  designer  should  find  the  input  to  ho  straightforward  and 
logical.  To  irni.il omen t  this,  one  form  was  decided  upon  and  all  input 
is  entered  in  this  format. 


1.4  System  Components.  The  parts  of  the  system  that  deal  with  a  logical 
phase  of  the  work  have  been  designated  as  components.  The  components  are 
shown  in  the  rectangular  blocks  in  Figure  1.  Figure  2,  "Structural  In- 
ventory Component",  is  included  in  the  text  to  depict  the  position  of  the 
structure  inventory  editing  and  the  structure  inventory  and  route  files 
within  the  administrative  component. 

The  four  components  that  are  pertinent  in  obtaining  a  review  and  rating 
of  a  bridge  structure  will  be  developed.  These  are:  "Structural  Analysis 
Component"  (Figure  4),  "Structural  Loading  Component"  (Figure  5),  "Cirder 
Section  Design  and  Review  Component"  (Figure  6),  and  "Deck  Design  and  Review 
Component"  (Figure  3). 

a.  Structural  Analysis  Component.  Each  component  is  made  up  of  blocks 
which  represent  a  class  of  work  to  be  done.  These  blocks  are  called 
applications,  of  which  there  are  four  in  this  component. 

(1)  Beam  Properties.  This  program  develops  all  properties  of 
a  section  at  each  1/20  point  of  the  span.  These  properties  in- 
clude: 

Beam  depth 

Cross- sectional  area 

Moment  of  inertia 

Distance  to  centroid  of  area 

Width  of  web 

Flange  thickness  of  top  flange 

Flange  thickness  of  bottom  flange 

Flange  width  of  top  flange 

Flange  width  of  bottom  flange 

Composite  slab  dimensions 

Cover  plate  dimensions 

The  span  ratio  and  method  of  depth  variation  are  also  given  for 
each  span. 

(2)  Beam  Characteristics  and  Fixed  End  Moments.  This  program 
determines  the  relative  stiffness  and  carryover  factors  for  each 
end  of  each  span.   It  then  determines  the  fixed  end  moments  for 
a  unit  load  at  each  tenth  point  of  each  span  and  for  a  uniform 
load  on  each  span. 

(3)  Indeterminate  Coefficients  (Analysis).  This  program  sets 
up  the  equations  for  indeterminacy  and  inverts  the  matrix  of 
constant  coefficients.  The  inverted  matrix  is  used  by  successive 
programs  to  determine  influence  line  coefficients. 
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(4)  Influence  Lines  (Statics).  This  series  applies  loads  to 
each  tenth  point  of  each  span  and  finds  the  shears  at  each  end 
of  each  span  and  calculates  the  moments  at  each  tenth  point  (in- 
cluding ends  of  spans)  of  each  span.  The  areas  are  then  calculated 
for  each  influence  line. 

All  coefficients  are  relative  to  the  first  span  length,  making 
use  of  the  lines  easy. 

Structure  Type  (Main  Members).  Currently,  the  types  of  structures  that 
can  be  analyzed  are  divided  into  six  groups.  The  groups  include: 

(1)  The  "basic  structure"  (Figure  41),  is  a  cell  type  layout  one 
story  in  height  with  from  one  to  six  cells.  Most  bridge  structures 
can  be  designed  using  the  members  within  this  layout.  Any  member 
may  be  excluded,  with  the  exception  of  member  number  one,  thereby 
giving  many  variations.  The  structures  allow  no  sidesway  in  the 
analysis.  The  structures  may  be  thought  of  as  piers  in  elevation, 
box  girder  sections,  or  any  other  structure  with  this  basic  con- 
figuration. 

(2)  Continuous  beam  bridges  with  from  one  to  nineteen  spans.  The 
"continuous  type  layout"  (Cell  type  =  9) ,  is  to  be  used  when  there 
are  more  than  six  continuous  spans  (Figure  43). 

(3)  Rigid  frame  structures  with  from  one  to  six  spans. 

(4)  Slant  leg  and  cant  leg  structures  with  from  three  to  five 
spans.  The  legs  may  cant  in  any  direction,  thereby  giving  results 
for  slant  leg  and  so-called  delta  bent  structures.  The  "slant 
leg  layout"  (Figure  42),  allows  sidesway  and  settlements  of  joints 
C,  E,  G,  and  I.  Various  other  structures  may  be  designed  by 
omitting  different  spans. 

(5)  Rigid  frame  box  culverts  with  from  one  to  six  cells. 

(6)  Simple  span  structures. 

(7)  No  hinges  or  cantilever  spans  are  allowed. 

Structure  Type  (Secondary  Members).  The  types  of  members  that  can 
be  analyzed  are  divided  into  three  groups: 

(1)  Continuous  or  simple  span  slabs,  designed  one  way  only,  and 
timber  decking. 

(2)  Continuous  or  simple  span  slab  supports. 

(3)  Continuous  or  simple  span  floor  beams. 

Section  and  Material  Types.  The  system  is  capable  of  analyzing  the 
following  sections: 

(1)  Reinforced  Concrete  -  slabs,  T-girders,  box  girders,  circular 
columns,  and  rectangular  beams  or  columns. 
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(2)  Structural  Steel  -  rolled  section  (composite  or  non-composite), 
welded  plate  (composite  or  non-composite),  riveted  girder,  built- 
up  girder,  and  box  girder  (composite  or  non- composite) . 

(3)  Timber 

Web  Depth  Variations.  All  members  of  the  structures  are  called  spans 
and  may  have  almost  any  cross-sectional  variation  desired.  The  first 
variation  that  is  thought  of  is  the  so-called  depth  (thickness  in 
elevation)  of  the  member.  These  possible  depth  variations  are  indi- 
cated in  Figure  44  and  are  straight  line,  parabolic  and  break  tvpes. 

Cross  Section  Variations.  Variations  in  cross  section  are  the  dimen- 
sions of  the  separate  elements,  such  as  web  thickness,  flange  thickness, 
flange  width,  etc.  Each  of  these  dimensions  (Figure  45),  may  change 
from  20th  point  to  20th  point  of  each  span  and  is  calculated  on  a 
straight  line  ratio. 


b.  Structural  Loading  Component.  This  group  of  programs  takes  the 
influence  lines  created  by  the  "Structural  Analysis"  component  and 
the  loadings  specified  by  the  designer  and  calculates  the  moments, 
shears,  reactions  and  deflections  for  each  required  10th  point  of  each 
span . 

Die  loadings  are  of  two  types: 

(1)  The  first  type  is  static  loading,  where  the  magnitude  and 
position  of  the  load  is  entered  by  the  designer.  Static  loading 
may  be  either  uniform  in  nature  or  point  loads. 

(2)  The  second  type  of  loading  is  the  live  loading,  where  onlv 
the  magnitudes  and  spacing s  of  the  loads  are  given  by  the  designer. 
Live  loads  consist  of  point  loads  at  specified  distances  apart  or 
uniform  loading  with  a  point  load. 

The  "Structural  Loading"  component  has  three  application  blocks 
(Figure  5),  consisting  of: 

(1)  Static  Load  -  The  static  load  programs  calculate  the  redundants 
due  to  the  loads  shown  in  Figure  63.  The  dead  load  of  the  girder  is 
broken  into  a  uniform  portion  and  equivalent  point  loads  for  the  non- 
uniform portion.  The  static  superimposed  loads  consist  of  a  uniform 
load  for  each  span  and  up  to  72  point  loads  on  a  structure. 

(2)  Live  Load  -  The  live  loading  portion  of  the  system  consists  of 
three  types. 

(a)  A  truck  with  three  axles  where  each  axle  has  a  weight 
specified  by  the  designer  with  the  distance  between  the  first 
and  second  axle  a  specified  fixed  space;  the  distance  between 
the  second  and  third  axle  will  vary  from  a  minimum  to  a  max- 
imum as  desired. 

(b)  A  lane  load  with  a  uniform  portion  and  one  or  two  point 
loads . 
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(c)  Truck  with  fixed  axle  spacings  -  alternate  loading  which 
consists  of  one  to- 24  wheel  loads  with  spacings  and  magnitudes 
specified  by  the  designer. 

(3)  Deflection  influence  lines  for  loads  on  the  span  and  deflections 
for  applied  static  and  live  loadings. 

c.  Girder  Section  Design  and  Review  Component.  After  the  analysis  and 
loading  routines  have  been  executed,  the  svstem  will  then  take  the  moments 
and  shears  developed  by  these  routines  and  design  or  review  the  sections 
desired. 

The  "Girder  Section  Design  and  Review"  component  lias  three  main  appli- 
cation blocks  (Figure  6),  consisting  of  "Reinforced  Concrete  Design 
and  Review",  "Steel  Section  Design  and  Review",  and  "Timber  Section 
Design  and  Review". 

Included  under  the  concrete  applications  are  subroutines  which  analyze 
rectangular  and  circular  columns.  A  report  is  generated  for  each  of 
these  applications  which  gives  pertinent  data  concerning  the  section 
in  question,  such  as  area  of  steel,  concrete  stresses,  reinforcing 
steel  stresses,  etc. 

The  designer  has  the  freedom  to  ask  for  either  a  design  or  review  of 
the  member.  Furthermore,  he  may  request  this  design  or  review  for 
every  tenth  point  of  the  span,  or  only  for  those  points  which  are 
critical*. 

The  system  will  review  and  load  rate  a  structure  in  the  following - 
general  manner: 


i  (1)  Structural  Steel 

b 


-  (a)  A  section  is  entered  in  the  analysis  routine  (width 
and  thickness  of  flange,  etc.) 

(b)  Structure  is  loaded  with  the  dead  load  and  live  load 
desired  in  the  loading  routine. 

(c)  Type  of  section,  yield  strengths  of  materials,  and 
specification  criteria  are  entered  in  the  design  and  review 
routine. 

(d)  The  program  will  calculate  and  print  out  the  design 
stresses  in  the  section  due  to  moment,  shear,  and  any  added 
actions,  such  as  torque  and  centrifugal  force.  Maximum 
transverse  stiffener  spacing  allowed  will  be  given  for 
moment  and  shear. 

Design  of  structural  steel  members  is  in  accordance  with  the 
current  AASHO  Specifications  and  accepted  design  theory. 

(2)  Reinforced  Concrete 

(a)  A  section  is  entered  in  the  analysis  routine 
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(width  and  thickness  of  flange,  etc.). 

(b)  Structure  is  loaded  with  the  dead  load  and  live  load 
desired  in  the  loading  routine. 

(c)  Yield  strengths  of  concrete  and  reinforcing  steel,  moduli 
of  elasticity,  clearance  to  reinforcing  steel,  etc.,  are 
entered  in  the  design  and  review  routine. 

(d)  The  program  will  calculate  and  print  out  the  design 
stresses  in  the  concrete  and  reinforcing  steel  (tensile  and 
compressive)  due  to  moment,  shear  and  added  actions.  Areas 

\  of  stirrups  and  reinforcing  steel  required  to  resist  the 

given  loads  will  be  printed  out.  Stirrup  spacing  required 
will  also  be  printed  out. 

Design  of  reinforced  concrete  members  is  in  accordance  with  the 
current  AASHO  Specifications  and  the  working  stress  theory  as 
presented  in  the  "Reinforced  Concrete  Design  Handbook,  Working  Stress 
Method" /.Third  Edition,' by  the  ACI. 

(3)  Timber  -  The  same  procedure  is  followed  as  is  outlined  in  (1) 
and  (2)  above.  The  program  will  calculate  and  print  out  design 
stresses  for  moment,  vertical  shear,  horizontal  shear  and  reactions 
at  the  supports. 

Structure  Type  (Secondary  Members).  The  types  of  secondary  members 
that  can  be  analyzed  are  divided  into  three  groups: 

(1)  Continuous  or  simple  span  floor  beams.  Floor  beams  may  be 
of  any  section  and  material  types  as  shown  for  main  members. 
Loads  applied  to  the  beams  can  be  applied  as  uniform  or  point 
loads,  as  determined  by  the  engineer.  The  system  will  analyze  and 
dejsign  or  review  the  member  in  the  same  manner  as  for  main  members. 

(2)  Continuous  or  simple  span  slab  supports.  The  same  general 
criteria  apply  to  slab  supports  as  were  enumerated  for  floor  beams. 

(3)  Continuous  or  simple  span  reinforced  concrete  decks  and  timber 
decking.  A  separate  routine  has  been  included  in  the  system  for 
the  design  and  review  of  decks.  The  program  designs  the  deck  in 
the  transverse  direction  (perpendicular  to  the  girders)  and  will 
design  the  cantilever  portion  of  the  deck,  as  well  as  the  span 
between  the  girders.  The  loads  are  distributed  one  way  only. 
Following  is  the  general  procedure  for  executing  the  deck  design 
and  review  routine. 

(a)  Pertinent  data  pertaining  to  the  deck  section  is  input 
(thickness,  girder  spacing,  area  steel,  etc.). 

(b)  Live  load  and  any  superimposed  dead  loads  are  input  to 
the  program. 

(c)  Yield  strengths  of  materials  are  entered. 
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Load  Rating.  The  expression  "load  rating"  is  defined  as  the  analysis 
of  a  structure  using  a  group  of  specified  loads,  utilizing  two  stress 
levels.  The  stresses  must  take  into  account  the  condition  of  the 
members  being  rated.  The  two  stress  levels  used  give  ratings  which 
are  called  Inventory  and  Operating. 

The  Inventory  Rating  is  designed  to  give  the  load  which  can  safely 
utilize  a  structure  for  an  indefinite  period.  The  Operating  Rating 
is  designed  to  give  the  absolute  maximum  permissible  load  which  may 
utilize  a  structure  on  an  infrequent  basis  or,  in  other  words,  it  is 
the  absolute  maximum  permissible  stress  level  to  which  a  structure  may 
be  subjected. 

Load  Factor  (Not  to  be  confused  with  term  describing  a  design  procedure), 
A  reduction  in  allowable  stresses  for  a  member  due  to  a  reduced  condi- 
tion rating  may  be  taken  into  account  as  an  input  item  in  the  design 
and  review  routine.  This  is  accomplished  by  taking  a  ratio  of  allowable 
stress  over  yield  stress  of  the  material  comprising  the  member. 

A  load  factor  for  the  member  in  question  will  be  calculated  and  printed 
out.  T!i is  factor  is  multiplied  by  the  gross  weight  of  the  truck  that 
is  being  used  for  the  rating  to  give  both  the  operating  and  inventory 
ratings  for  that  member. 

The  load  factor  for  non- composite  sections  is  determined  by  the  equation 

(F^-f)Taction 
Load  Factor  =  1  +  LLaction(tj 

where : 

Taction  =  Total  action  (moment,  shear) 

Fa      =  Allowable  stress  given  the  material 

f       =  Actual  stress  computed  for  the  given  applied  loads 

LLaction  =  Live  load  action  (moment,  shear) 

This  equation  is  expanded  from  the  basic  equation  as  follows: 

VfDL 
Load  Factor  =  f^L 


fLL+Fa-fPL-fLL 

fLL  +  Fa-(fDL+fLL) 
=  7LT      fLL 


Let  fDL+fLL  =  f 


Let  fl=  Taction  (or  vlt/Q  =  Taction) 
c 

Let  fLL I  =  LLaction  (or  vLLlt/Q  =  LLaction) 
c 
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Then 

Load  Factor  =  1  +    (Fa-f) (fDL+fLL)I/c 

"TFdl^ll)4l  1/c 

Load  Factor  =  1  +  (Fa- fraction 

(tJLLaction 

The  load  factor  for  composite  sections  is  determined  by  the  equation 
Load  Factor  =  Fa  -  fDL 


tLL 


where : 


Fa  =  Allowable  stress  given  the  material 

fDL  =  Dead  load  stress 
fLL  =  Live  load  stress 

1  5  Job  Card  Groups.  Each  component  of  this  system  is  initiated  by  a 
control  card.  In  the  following  possible  sequences,  each  group  of  data 
is  denoted  by  its  control  card.  Thus,  'DC006'  coded  in  card  columns  1 
thru  5  is  followed  by  data  cards  for  a  deck  design,  review  or  rating. 

All  structures  do  not  have  members  reinforced  perpendicular  to  traffic 
and  therefore,  do  not  have  deck  design  data.  In  this  document  the 
word  "design"  will  have  the  connotation  of  design,  review  and  rating,  and 
will  be  understood  as  such.  Figure  7  indicates  the  necessary  data  groups 
to  design  a  slab  bridge. 


/  999  Trailer  Card 


DC005  Section  Design 


PC002  Structural  Loading 


DC001  Structural  Analysis 


100  Heading  Data 


SLAB  TYPE  BRIDGE  DESIGN 
Figure  7 
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Mien  designing  a  girder  type  bridge  that  is  not  multistage,  such  as  a 
welded  plate,  the  first  data  group  will  be  the  deck  design.  Figure  8 
indicates  the  required  data  grouping  to  complete  the  problem. 


SINGLE  STAGE  (NON-COMPOSITE)  GIRDER  TYPE  BRIDGE  DESIGN 

Figure  8 

When  designing  a  multistage  girder,  such  as  composite  steel  and  concrete, 
there  are  two  acceptable  card  groupings.  The  requirement  is  tbat  the  deck 
must  be  designed  prior  to  the  final  design  of  the  girder.  Therefore, 
Figure  9  shows  the  deck  design  first  and  non-composite  and  composite 
sequences  following.   The  sequence  shown  in  Figure  10  is  used  when  different 
titles  are  desired  on  the  live  load  run. 


Composite 
Analysis 


Non- 
Composite 
Analysis 


/  999  Trailer  Card 


DC005  Section  Design 


DC002  Structural  Loadin 


DC001  Structural  Analysis 


DC005  Section  Design 


DC002  Structural  Loading 


DC001  Structural  Analysis 


DCOOb  Deck  Design 


100  Heading  Data 


MULTISTAGE  (COMPOSITE)  GIRDER  TYPE  BRIDGE  DESIGN 
Deck  Input  First 

Figure  9 

Figure  10  shows  the  deck  design  between  the  non-composite  and  composite 
analysis. 
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iNon- 

Compositc 

Analysis 


Composite 
Analvsis 


1X005  Section  Design 


999  Trailer  Card 


DC002  Structural  Loading 


DC001  Structural  Analvsis 


/  DCnn6  Deck  Design 
/  100  Heading  Data 
/_    999  Trailer  Card 


DC005  Section  Design 


DC002  Structural  Loading 


/ 


DC001  Structural  Analysis 


100  Heading  Data 


MULTISTAGE  (COMPOSITE)  GIRDER  TYPE  BRIDGE  DESIGN 
Deck  Following  Non-Composite  Analysis 
Figure  10 
In  the  deck  design  and  structural  loading  components,  a  maximum  of  three  live 
loading  cases  is  allowed  in  a  single  run.  When  more  than  three  live  loadings 
are  desired,  the  user  will  have  to  code  an  extra  group  of  cards   Figure  11 
shows  the  necessary  groups  if  the  same  maximum  axle  load  is  not  used^in  more 
than  one  loading  case.   If  all  of  the  maximum  wheel  loads  are  the  same,  one 
mist  still  code  that  same  value  for  each  truck  on  the  first  deck  design  and 
the  second  deck  design  may  be  omitted. 


Identical 
Cards 


ANALYSIS  FOR  MORE  THAN  THREE  LIVE  LOADS 
Figure  11 


Identical,  excent 
"or  wheel  loads 
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1 .6  Description  of  Input 


raw 

C     11 

*V«M*«I    |T*Tl    NWNM 

MM*THt«T 

//CXKC    •*!*!#• 

cmchio 

I'JJ             . 

tj 

0 

!«'•'     • 

INTav  1 

•»Tt»    1         1            t*T»»    4                       CNTRV    ■ 

J 

1 

':::::: :::':':::' 

i 

1 

Wl 

*  'iu 

b' 

£3 

TYPICAL  INPUT  FORM 
Figure  12 


a.  Use  the  Standard  Bridge  Program  Form  C-16  shown  above. 

b.  The  blank  "Sheet  No.  of  "  should  be  filled  in  each  time. 

This  allows  you  and  everyone  else  (primarily  keypunch  operators) 

to  know  if  you  have  as  many  forms  as  you  list  and  if  they  are  all 
there . 

c.  Your  name,  "By "  and  the  date  the  form  was  filled  out, 

"Date  "  should  both  be  entered. 

d.  The  blank  "Checked "  should  be  filled  out  each  time.  The 

time  lost  through  simple  mistakes,  which  require  the  program  to 
be  rerun,  plus  the  expense  in  wasted  computer  time,  make  a 
check  almost  mandatory. 

e.  The  COMMENT  CARD  line  is  intended  for  the  designer's  convenience 
in  recording  a  title  of  pertinent  information  about  his  structure  and 
to  obtain  billing  information.  This  title  and  billing  information 
will  appear  at  the  top  of  each  page  of  the  program  output  and  will 
serve  as  a  permanent  record,  both  for  the  designer  and  for  anyone 
reviewing  the  design  in  the  future.  An  example  of  this  type  of 
information  is  shown  below. 


I   COMMENT    CARD 


Emptoyt* 
No.  68 


D*0t 


P  or/  JOS 


*/ JOD 
/Cod»  ' 


-L  I     I 


Work 

Cod* 


I    i 


Str 
No. 


ij 


0i0\HEtADI  N^  DATA    APPEAR/ MG    AT   TOP  QF    EACH  PAGE    OF   O.UTPUT 

1    ''''«    I   t    I    l   I    M    l    I    l   I    »    I    I    I   l   i    i   i    i    i   i    I    i    i   i    t    i    i   i    i    i    I    i    i   i i    1    i    ■    i    i    i    i    i 
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'I     I''' 


f.  All  input  data  must  be  entered  using  the  "floating  point"  method; 
i.e.,  a  decimal  point  must  be  included  with  each  entry. 
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2 .  DECK  DESIGN,  REVIBV  AND  RATING 


2.1  General  Information.  This  component  calculates  actual  stresses, 
allowable  stresses  and  load  factors  for  concrete  and  timber  decks.   Tf 
input  for  areas  of  required  steel  are  omitted  in  concrete  sections,  the 
program  will  calculate  the  required  steel  areas. 

This  routine  must  be  executed  immediately  prior  to  executing  the  girder 
analysis  routine  so  that  the  load  factors  will  be  available°on  the  disk 
for  the  report  generator  program  to  access. 

2.2  Mathematical  Equations  and  Derivations.  Following  are  shown  the 
derivations  for  moments.  The  basic  difference  in  all  equations  is  the 
effective  span  length.   (All  dimensions  are  in  feet.) 

The  derivations  for  the  concrete  design  subroutine  are  found  in  "Rein forced 
Concrete  Design  Handbook,  Working  Stress  Method",  Third  Edition,  published 
by  AC I,  example  18,  on  page  31. 

The  derivations  for  the  timber  design  routine  are  found  in  the  American 
Association  of  State  Highway  Officials  publication,  "Standard  Specifications 
for  Highway  Bridges",  Tenth  Edition. 

STEEL  GIRDER  (3  or  more  Girder  System) 

Deck  Moment 

a  =   Clear  Br.    Roadv^ay 


•_0V 

-,  P 


■^(k/ft)    ■■■■   FWS- 

00 


^(a-nL- 
f/2)+b 


h(a-nL)+b 


Exterior  Girder  (with  a  >  (nL+f)),  n  =  number  of  girder  spaces 
1)  Dead  Load  Moment  (Take  M  about  1/4  of  top  flange) 


! 

Wt 

Arm 

M=Wt  x  Arm 

Curb 

l/2(b+c)e(.150) 

l/2(a-nL-|)+l/4(3b-c) 

M 

'I 

Slab 

g[l/2(a-nL-|)+b].150 

l/2[l/2(a-nL-|)+b] 

| 

M2 

FWS 

1/2  (a-nL-|)Wi 

l/4(a-nL-|) 

»3 

Rail 

W2 

l/2(a-nL-y)+b-d 

M,       | 

20 


EM=Mi+M2+M3+T 


2)  Live  Load  Moment  (Cantilever  M) 

E  =  ,8X  +  3.75  -  .8[l/2(a-nL-f/2)-l]+3.75=.4[a-nL-f/2]+2.95 

P         P(l+I) 
:'!  =  E  x  =  .4[a-nL-f/2]  +  2.95  U/2  (a-nL-f/2)-l] 

Where  P20  =  16K,  PI5  =  12K,  P10  =  8K 
1)  +  2)  =  Cantilever  M 


T -GIRDER  (3  or  more  Girder  System) 
Deck  Moment 


a  ■  Clear  Br.  Roadway 


W1(K/ft)  =  FUS 


r\ 


l'-0" 

p 


"2 


'-■(a-nT. 

f  •+- 


i 


I  (a-nT.)+b 


Exterior  Girder  (with  a  >  (nL+f )  ) ,  n  =  number  of  girder  spaces 
1)  Dead  Load  Moment  (Take  M  about  outside  face  of  web) 


Wt 

Arm 

!  H'/txArm 

=  Curb 

l/2(b+c)e(.150) 

1/2  (a-nL-f )+l/4(3b-c) 

M2 

j  Slab 

g [1/2 (a-nL-f )+b]. 150 

1/2 [1/2  (a-nL-f )+b] 

M2 

|  FWS 

1/2  (a-nL-f  )Wi 

1/4 (a-nL-f) 

I 

|  Rail 
| 

W2 

1/2 (a-nL-f )+b-d 

1 

EM  =  M1+M2+M3+M4 
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2)  Live  Load  Moment  (Cantilever  M) 

E  =  .8X  +  3.75  =  .8[l/2(a-nL-f)-l]  +  3.75  =  .4(a-nL-f>2.95 

M  "  #  "  .4(a-nL-t>2.95  [l/2(a-nL-f)-l] 

Where  P20  =  16K,  P15  =  12K,  P10  =  # 
1)  +  2)  =  Cantilever  M 

STEEL  GIRDER  OR  T-GIRDER 

Interior  Girder 

1)  Dead  Load  Moment 

f.kT  =  1-  WS2  =  §1  [g(.150)+W1] 

2)  Live  Load  Moment 

LLM  =  |li  p    q+j)     (0>8) 

IVhere     P20  =  16K 
Pi  s  =  12* 

Pio  -  8  k 

1)  +  2)  =  +  Moment 

=  -  Moment  (Compare  with  Cantilever  M) 


STEEL  GIRDER  (2  Girder  System) 

a  =  Clear  Br.  Roadwav 


Deck  Moment 
b 


Wl(K/ft)-FWS* 


l'-0" 

• * 


"d 


i(a-L-f/2)+b 


S  =  L-hf 


H(a-L-f./2)+\ 


■;f=(typ) 


!l(a-L)+b 


k(a-L)+b 

m H 


a  >  (L+f) 
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Negative  Moment 

1)  Dead  Load  Moment  (Take  M  about  1/4  of  top  flange) 


Wt 

Arm 

M=WtxArm 

Curb 

l/2(b+c)e(.150) 

l/2(a-L-|)+l/4(3b-c) 

j 

Mi 

Slab 

g[l/2(a-L-|)+b].150 

l/2[l/2(a-L-i)+b] 

M2          1 

FWS 

l/2(a-L-|)W1 

l/4(a-L-|) 

M3 

! 

Rail 

i 

w2 

l/2(a-L-|)+b-d 

M 

zm  =  M1+M2+M3+M4 

2)  Live  Load  Moment 

E  =  .8X  +  3.75  =  .8[l/2(a-l-f/2)-l]  +  3.75  =  .4(a-L-f/2)  +  2.P5 

M  =  1X  =  M05  [l/2(a-L-f/2)-i] 


Where  P2o  =  16: 
Pi  5  =  i: 


P10  =  ? 
1)  +  2)  =  Cantilever  M 
Positive  Moment 

1)  Dead  Load  Moment  (Take  M  about  center  of  span) 
R  =  W?+l/2aW1+l/2(b+c)e(.150)+l/2(a+2b)g(.150) 


Wt 

1 

Arm 

M=WtxArm 

1 

Curb 

l/2(b+c)e(.150) 

l/2a+l/4(3b-c) 

Mi 

1 
1 

1 

!  Slab 

l/2(a+2b)g(.150) 

(l/2a+b)l/2 

M2 

t 

i 

!  FWS 
i 

l/2aW! 

l/4a 

f'*3 

! 

1 

Rail 

w2 

l/2a+b-d 

% 

+  M 


R_  -  ZM 
2 


ZM  =  M1+M2+M3+M4 
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2)  Live  Load  Moment 

M  =  CPj(S+2)(l+I)/32 
Where  P20  =  16^ 


P15  =  12 


P10  =  8^ 
S  =  L-l/2f 
1)  +  2)  =  +  M  at  center  of  span 

T-GIRDER  (2  Girder  System) 
Deck  Moment 


a  =  "lear  Rr.  Roadway 


X 
U m 


W1(k/ft)-Fl-TS- 


L'-O" 

■» «* 


.(a-L-f )+b 


l5(a-L)+b 


a  >  (L+f) 
Negative  Moment 


Wt 

Arm 

M=WtxArm 

Curb 

l/2(b+c)e(.150) 

1/2 (a-L-f )+l/4(3b-c) 

Ml 

Slab 

g[l/2(a-L-£)+b].150 

[1/2  (a-L-f )+b] 1/2 

I          M2 

FWS 

l/2(a-L-£)W1 

l/4(a-L-f) 

M3 

Rail 

i 

W2 

1/2  (a-L-f) +b-d 

^ 

y}\  =  Mi+M 

i 

'+M„+M 

2      3     \ 
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2)     Live  Load  Moment 

E  =  .8X  +  3.75  =  ,8[l/2(a-L-f)-l]  +  3.75  -   ,4(a-L-f)  *  2.95 


m  =  £x  = 


Pg+I)   „   [l/2(a-L-f)-l] 
.4Ca-L-f)+2.95 


Where  P2o  =  16* 

Pl5    =    12* 

P10  =  8K 
1)  +  2)  =  Cantilever  M 
Positive  Moment 
1)  Dead  Load  Moment  (Take  M  about  center  of  span) 

R  =  W2  +  l/2aW2  +  l/2(b+c)e(.150  +  l/2(a+2b)g(.150) 


Wt 

Arm 

M-=WtxArm. 

Curb 

l/2(b+c)e(.150) 

l/2a+l/4(3b-c) 

Mi 

Slab 

l/2(a+2b)g(.150) 

(l/2a+b)l/2 

M2 

FWS 

l/2aWi 

l/4a 

M3 

Rail 

W2 

l/2a+b-d 

Mk 

EM  =  M1+M2+M3+M4 

+  \ 

=  rL-zm 

2) 

Live  Load  Moment 

Where  P20  =  16* 


P15  =  12K 
P10  =  8K 

1)  +  2)  =  +  M  at  center  of  span 

2.3  Description  of  Input.  The  work  code  entry,  "DC",  is  made  only  once. 
Refer  to  Figure  13  tor  identification  of  input  criteria.  It  should  be  noted 
that  the  dimensions  Dl  through  D12  may  be  used  for  a  concrete  deck  either  on 
steel  girders  or  on  concrete  girders.  Dimensions  D13  through  D24  are  used 
for  unidentical  cantilevers  on  either  girder  type.  These  dimensions  may  be 
negative  if  desired.  The  various  dimensions  and  loads  are  available  to  allow 
the  user  some  flexibility  in  types  of  cantilever  configurations  he  may 
encounter.  For  example,  a  light  pole  mounted  on  the  outside  of  the  curb  could 
be  PI  and  D3  would  be  negative.  W3  could  be  a  loading  caused  by  several  utility 
lines  attached  below  the  cantilever  deck.  The  following  items  supplement  that 
material  shown  on  pages  33  thru  36. 
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a.  Data  Code  006  has  entries  which  control  the  output  desired  and 
define  the  type  of  deck. 

Entry  #1  asks  which  output  report  is  desired  by  the  designer.  A 
number  "1"  shall  be  entered  for  each  report  desired.  It  is  necessary 
to  enter  a  "1"  for  design  in  both  cases  as  the  rating  requires  the 
stresses  from  the  design  portion. 

Entry  #2  defines  the  type  of  span:  7  =  simple  supported;  8  =  continuous 
over  steel  girders;  and  9  =  continuous  over  concrete  girders. 

Entry  #3  defines  the  type  of  girders  that  support  the  slab:   2  =  steel; 
3  =  concrete  without  fillets;  and  4  =  concrete  with  fillets. 

Entry  #4  defines  the  type  of  cantilevers,  if  any.  The  number  20  is 
entered  if  there  are  no  cantilevers,  21  =  identical  cantilevers,  and 
22  =  non- identical  cantilevers. 

Entry  #5  asks  if  this  is  a  timber  deck.  A  number  "1"  is  entered  if  the 
deck  material  is  timber. 

Entry  #6  asks  for  the  portion  of  impact  above  one  that  is  desired;  usually 
=  .3. 

b.  Data  Code  Oil  defines  the  reinforcing  steel  in  a  concrete  dec!'.   See 
Figure  13  for  positioning  of  the  steel  in  the  deck.  All  areas  of  steel 
are  input  as  square  inches  per  foot  of  the  deck. 

Entry  #1  is  compressive  steel  in  the  positive  moment  region.   (AS1) 

Entry  #2  is  tensile  steel  in  positive  moment  region.   (AS 2) 

Entry  #3  is  tensile  steel  in  negative  moment  region.   (AS 3) 

Entry  #4  is  compressive  steel  in  negative  moment  region.   (AS4) 

Entry  #5  is  distance  from  top  of  deck  to  centroid  of  compressive  steel 
in  positive  moment  region,  in  inches.   (CI) 

Entry  #6  is  distance  from  bottom  of  deck  to  centroid  of  tensile  steel  in 
positive  moment  region,  in  inches.   (C2) 

c.  Data  Code  012  is  required  for  all  runs  on  concrete  decks  and  consists 
of  the  actual  stresses  and  the  allowable  fractions  to  be  used  in  deter- 
mining the  operating  rating  and  inventory  rating. 

Entry  #1  is  the  breaking  strength  of  the  concrete  at  the  time  desired, 
in  pounds  per  square  inch.  Usually,  this  entry  is  a  28-day  test. 

Entry  #2  is  yield  stress  of  reinforcing  steel,  in  pounds  per  square  inch. 

Entry  #3  is  the  fraction  of  yield  stress  of  reinforcing  steel  to  be  used 
as  allowable  stress  for  the  operating  rating. 

Entry  #4  is  the  fraction  of  compressive  stress  of  concrete  to  be  used  as 
allowable  stress  for  the  operating  rating. 
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Entry  #5  is  the  fraction  of  yield  stress  of  reinforcing  steel  to  be  used 
as  allowable  stress  for  the  inventory  rating. 

Entry  #6  is  the  fraction  of  compressive  stress  of  concrete  to  be  used  as 
allowable  stress  for  the  inventory  rating. 

d.  Data  Code  013  is  the  general  data  for  the  girder  spacings,  deck 
thickness  and  wheel  loads.  The  wheel  loads  for  the  trucks  are  the 
maximum  wheel  loads  of  the  corresponding  trucks  in  the  girder  analysis 
portion.  This  card  is  always  required. 

Entry  #1  is  the  girder  spacing  or  the  distance  from  center  to  center  of 
the  supports,  in  feet.  This  spacing  should  be  altered  if  the  reinforcin?', 
steel  is  skewed  relative  to  the  centerline  of  the  girder.  To  obtain  the 
proper  spacing,  divide  the  girder  spacing  by  the  cosine  of  the  skew  angle. 

Entry  #2  is  the  flange  width  for  a  steel  girder  or  the  web  thickness 

if  it  is  a  concrete  girder,  in  inches,   if  it  is  an  I -Ream  tvpe  concrete 

girder,  this  distance  would  equal  the  top  flange  width. 

Entry  #3  is  the  deck  thicloiess  between  girders,  in  Inches.   (T) 

Entry  #4  is  the  maximum  wheel  load  o^  trued'  loading  no.  1  in  the  girder 
analysis,  in  kips. 

Entry  #5  is  the  maximum  wheel  load  of  true]'  loading  no.  2,  in  i  ins. 

Entry  #6  is  the  maximum  wheel  load  of  truck  loading  no.  3,  in  kips. 

e.  Data  Code  014.  This  is  general  data  and  is  in  all  runs.  Seo 
Figure  13  for  location  of  the  loads. 

Entry  #1  is  the  concentrated  load  on  the  cantilever  portion,  in  pounds; 
usually  the  railing  (pounds  per  foot).   (PI) 

Entry  #2  is  unit  weight  of  reinforced  concrete,  in  pounds  per  cubic 
foot.   (Wl) 

Entry  #3  is  unit  weight  of  wearing  surface,  in  pounds  per  square  foot. 
(W2) 

Entry  #4  is  distance  from  top  of  slab  to  ccntroid  of  tensile  steel  in 
negative  moment  region,  in  inches.   (C3) 

Entry  #5  is  distance  from  bottom  of  slab  to  ccntroid  of  compressive 
steel  in  negative  moment  region,  in  inches.   (C4) 

f.  Data  Code  015.  This  card  is  cantilever  data  and  is  required  only 
for  decks  with  cantilevers.   These  distances  are  in  feet  for  all  entries. 
See  Figure  13. 

Entry  #1  is  the  length  from  the  centerline  of  the  exterior  girder  to  the 
outside  edge  of  the  overhanging  deck.   (Dl) 

Entry  #2  is  the  horizontal  length  of  the  fillet  or  taper  on  the  cantilever, 
if  there  is  one.   (D2) 


Entry  #3  is  the  distance  from  the  outside  of  the  deck  to  the  concentrated 
load  defined  in  Entry  #1  of  the  014  card.   (D3) 

Entry  #4  is  the  distance  from  the  outside  of  the  deck  to  the  outside  edge 
of  the  miscellaneous  load.   (D4) 

Entry  #5  is  the  width  of  the  miscellaneous  uniform  load.   (D5) 

Entry  #6  is  the  distance  from  the  outside  of  the  deck  to  the  concen- 
trated load  defined  in  the  017  card,  Entry  #6.   (D6) 

g.  Data  Code  016.  Continuation  of  the  015  data. 

Entry  #1  is  the  total  depth  of  deck  at  the  girder  for  the  cantilever 
portion,  in  inches.   (D7) 

Entry  #2  is  the  vertical  height  of  fillet  over  the  girder  for  the 
cantilever,  in  inches.   (D8) 

Entry  #3  is  the  depth  of  deck  at  outside  edge  of  cantilever,  in  inches. 
(D9) 

Entry  #4  is  the  height  of  curb,  in  inches.   (D10) 

Entry  #5  is  the  width  of  curb,  in  feet.   (Dll) 

Entry  #6  is  the  distance  from  centerline  of  exterior  girder  to  where 
the  fillet  begins,  in  feet.   (D12) 

h.  Data  Code  017.  This  is  miscellaneous  data  and  is  required  for 
decks  with  fillets,  lightweight  aggregates,  or  for  miscellaneous  loads 
on  the  cantilevers.  It  is  also  used  for  a  different  impact  factor  on 
cantilever. 

Entry  #1  "is  the  horizontal  length  of  the  fillet  on  the  inside  of  the 
girder,  in  inches.   (FHL) 

Entry  #2  is  the  vertical  height  of  the  fillet  on  the  inside  of  the 
girder,  in  inches.   (FVL) 

Entry  #3  is  the  modulus  of  elasticity  ratio  of  steel  to  concrete,   (n) 

Entry  #4  is  the  impact  fraction  to  be  used  on  cantilever  if  not  equal 
to  the  impact  fraction  defined  in  Entry  #6  of  the  006  card. 

Entry  #5  is  the  weight  of  the  miscellaneous  uniform  load,  in  pounds 
per  square  foot.   (W3) 

Entry  #6  is  the  second  cantilever  concentrated  load  whose  position  is 
defined  in  Entry  #6  of  the  015  card,  in  pounds  per  foot.   (P2) 

i.  Data  Code  018.  This  card  is  filled  out  when  there  is  a  cantilever 
on  the  other  side  of  the  bridge  that  does  not  have  the  same  dimensions 
and  loadings  as  the  one  already  defined.  See  Figure  13.  All  dimensions 
are  in  feet. 
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Entry  #1  is  the  distance  from  centerline  of  girder  to  the  outside  edge 
of  deck.   (D13) 

Entry  #2  is  the  horizontal  length  of  fillet.  (D14) 

Entry  #3  is  the  distance  from  outside  edge  of  deck  to  concentrated  load 
defined  in  Entry  #3  of  the  020  card.   (D15) 

Entry  #4  is  the  distance  from  outside  edge  of  deck  to  the  outside  edge 
of  the  miscellaneous  uniform  load.  (D16) 

Entry  #5  is  the  width  of  the  miscellaneous  uniform  load.   (D17) 

Entry  #6  is  the  distance  from  outside  edge  of  deck  to  concentrated 
load  defined  in  Entry  #4  of  the  020  card.   (D18) 

j.  Data  Code  019.  Continuation  of  the  018  data. 

Entry  #1  is  the  total  depth  of  deck  over  the  girder  for  cantilever,  in 
inches.   (D19) 

Entry  #2  is  the  vertical  height  of  the  fillet  for  the  cantilever,  in 
inches.   (D20) 

Entry  #3  is  the  depth  of  deck  at  outside  edge  of  cantilever,  in  inches. 
(D21) 

Entry  #4  is  the  height  of  curb,  in  inches.   (D22) 

Entry  #5  is  the  width  of  curb,  in  feet.   (D23) 

Entry  #6  is  the  distance  from  centerline  of  girder  to  beginninp,  of 
taper  or  fillet,  in  feet.   (D24) 

k.  Data  Code  020.  Continuation  of  018  data. 

Entry  #1  is  the  unit  weight  of  wearing  surface,  in  pounds  per  square 
foot.   fW4) 

Entry  #2  is  the  weight  of  miscellaneous  uniform  load  defined  in  Entry 
#5  of  the  018  card,  in  pounds  per  square  foot.   (W5) 

Entry  #3  is  the  concentrated  load  on  the  cantilever,  in  pounds;  usually 
the  railing  (pounds  per  foot).  Distance  is  defined  in  Entrv  #3  of 
the  018  card.   (P3) 

Entry  #4  is  the  second  cantilever  concentrated  load  whose  distance  is 
defined  in  Entry  #6  of  the  018  card.  This  load  is  to  be  in  pound? 
per  foot.   (P4) 

1.  Data  Code  021.  Continuation  of  the  cantilever  data  on  the  018 
card;  used  only  if  steel  areas  or  centroids  are  different  from  those 
over  the  interior  girders. 
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Entry  #1  is  tensile  steel  in  top  of  deck  for  cantilever  design,  in 
square  inches  per  foot.   (AS5) 

Entry  #2  is  compressive  steel  in  bottom  of  deck  for  cantilever  design, 
in  square  inches  per  foot.   (AS6) 

Entry  #3  is  distance  from  top  of  deck  to  tensile  steel  defined  in 
Entry  #1  of  this  card,  in  inches.   (C5) 

Entry  #4  is  distance  from  bottom  of  deck  to  compressive  steel  defined 
in  Entry  #2  of  this  card,  in  inches.   (C6) 

m.  Data  Code  022.  This  card  is  required  if  the  decking  to  be  designed 
is  timber. 

Entry  #1  is  the  distance  center  to  center  of  stringers,  in  feet. 

Entry  #2  is  the  width  of  the  flooring  member  (plank),  in  inches. 

Entry  #3  is  the  depth  of  the  flooring  (planks),  in  inches. 

Entry  #4  is  the  unit  weight  of  the  timber  material,  in  pounds  per  cubic 
foot. 

Entry  #5  is  the  weight  of  the  wearing  surface,  in  pounds  per  square  foot, 

Entry  #6  is  the  width  of  the  supporting  member  (stringer),  in  inches. 

n.  Data  Code  023.  Continuation  of  022  data. 

Entry  #1  is  the  allowable  bending  stress  in  decking  for  the  operating 
rating,  in  pounds  per  square  inch. 

Entry  #2  is  the  allowable  horizontal  shear  in  decking  for  the  operating 
rating,  in  pounds  per  square  inch. 

Entry  #3  is  the  allowable  bending  stress  in  decking  for  the  inventory 
rating,  in  pounds  per  square  inch. 

Entry  #4  is  the  allowable  horizontal  shear  stress  in  decking  for  the 
inventory  rating,  in  pounds  per  square  inch. 

Entry  #5.  If  the  decking  is  continuous  over  more  than  two  snans,  enter 
"1"  in  this  field. 

Entry  #6.  Enter  "1"  in  this  field  if  it  is  a  plank  floor,  a  "-2"  if  it 
is  a  laminated  floor,  or  a  "3"  if  it  is  a  splined  or  a  doweled  floor. 

o.  Data  Code  024.  Loading  card  for  the  timber  deck,  defining  the 
width  and  length  of  the  tires.  This  card  may  be  used  if  the  user 
knows  that  the  width  and  length  of  the  tire  print  are  not  the  same  as 
required  by  the  AASHO  manual.  See  AASHO  1.3.4(A).  All  dimensions  are 
in  inches. 
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Entry  #1  is  the  length  of  tire  for  truck  no.  1  perpendicular  to  the 
decking. 

Entry  #2  is  the  width  of  tire  for  truck  no.  1  parallel  to  the  decking. 

Entry  #3  is  the  length  of  tire  for  truck  no.  2  perpendicular  to  the 
decking. 

Entry  #4  is  the  width  of  tire  for  truck  no.  2  parallel  to  decking. 

Entry  #5  is  the  length  of  tire  for  truck  no.  3  perpendicular  to  decking. 

Entry  #6  is  the  width  of  tire  for  truck  no.  3  parallel  to  decking. 

2.4  Description  of  Outpuc.  The  output  consists  of  the  following  reports: 

a.  Verification  of  Input  Data 

b.  Design  Reports 

c.  Rating  Reports 

The  first  report  is  always  printed,  but  the  last  two  are  printed  only  i  f 
requested.  The  Design  Report  is  printed  by  the  mainline  program.  The  rating 
data  is  stored  on  disk  and  is  printed  at  the  end  of  the  girder  design  run. 

When  areas  of  steel  in  the  section  are  omitted,  the  areas  printed  out,  in- 
cluding compressive  steel,  have  been  calculated  by  the  concrete  design  sub- 
routine. The  deck  thickness  assumed  is  that  which  has  been  defined  in  Hntry 
#3  of  the  013  card. 


Note:  The  following  pages  including  Figure  14  are  prepared  as  summaries  of 
the  description  of  input.  Each  type  of  input  card  is  portrayed  with  its 
corresponding  entries  and  what  they  represent. 
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Output  Control 
Request  (Design  anil 
Rating  Reports) 


Compressive  steel, 
pos i t  i  ve  momen  t 
region  (AS1) 


fc  (28-day 
compressive  stres 
Df  concrete! 


Girder  spacing  or 
supports 


First  cantilever 
point  load,  usually 
railing  (PI) 


Length  of 
cantilever  (Dl) 


Deck  thickness  plus 
taper  on  cantilever 
(D7) 


Horizontal  leg  of 
fillet  on  interior 
span  (  FHL ) 


Length  of  canti- 
lever, when  canti- 
levers  (D13) 


Deck  thickness  plus 
taper  on  cantilever 
(D191 


Weight  of  wearing 
surface  (W4) 


Tensile  steel,  can- 
tilever, not  reqd 
if  ASS=AS3  (ASS) 


Timber  Decks 
tringer  spacing 


Allowable  bending 
stress --decking 
(Operating  Rating) 


Length  of  tire, 
truck  »1  (if  not 
as  in  AASHO  specs) 


i    i   I    I    i    i    i 


ENTRY  2 


Dec!  7=Non-Cont  8= 
Cont-steel  girders 
9=Cont-conc  girden 


Tensile  steel, 
positive  moment 
region  (AS2) 


fy  (yield  stress 
of  reinforcing 
steel) 


Flange  width  or 
web  thickness 


Weight  of  concrete 
(Wl) 


Length  of  taper  or 
hor  leg  of  fillet 
on  cantilever  (D2) 


Depth  of  taper  or 
vert  leg  of  fillet 
on  cantilever  (D8) 


Vertical  leg  of 
fillet  on  interior 
span  (FVL) 


Length  of  taper  or 
hor  leg  of  fillet 
on  cantilever  (D14) 


Depth  of  taper  or 
vert  leg  of  fillet 
on  cantilever  (D20) 


Weight  of  misc 
uniform  load  (W5 ) 


Comp  steel ,  can- 
tilever, not  reqd 
if  AS6=AS4  (AS6) 


Width  of  flooring 
member  (plank) 


Allowable  hor  shear 
stress --decking 


Width  of  tire, 
truck  »1  (see 
AASHO  1.3.4(A) 


1    '    ■    i    ■    ■ 


Girders  2=Stecl 
3=Conc(no  fillets) 

4=Conc    I  fillets) 


Tensile  steel , 
negative  moment 
region   (AS3)   - 


Fraction  of  fy  for 
determining 
Operating  Rating 


Deck  thickness 
between  girders (T) 


Weight  of  wearing 
surface    (W2) 


Distance  from  edge 
of  deck  to  first 
point  load,   PI    (D3) 


'   ■ I l_ 


Deck  thickness, 
taper  not  included 
(D9) 


Modulus  of 
elasticity  ratio- 
steel  to  concrete 


Distance  from  edge 
of  deck  to  first 
point  load,  P3(D15) 


_i — . — i  i  i 


Dist  from  edge  of 
deck  to  edge  of 
misc  unif  load(D16) 


Deck  thickness, 
taper  not  included 
CD21) 


First  cantilever 
point  load,  usually 
railing  (P3) 


Distance  from  top 
of  deck  to  centroid 
of  AS5  (CS) 


Thickness  of 
flooring  member 
(plank) 


Allowable  bending 
stress --decking 
(Inventory  Rating) 


Length  of  tire, 
truck  n 


•    •    ■  ■ 


ENTRY  4 


Cantilevers  2ll='c 
21= Identical 
22<Jon-  identical 


Compressive  steel , 
negative  moment 
region  (AS4) 


Fraction  of  f 
determining 
Operating  Rating 


for 


Wheel  load  of 
truck  »1 


Distance  from  top 
of  slab  to  centroid 
of  AS3  (C3) 


Dist  from  edge  of 
deck  to  edge  of 
misc  unif  load  (D4 


Height  of  curb 
(D10) 


Cantilever  impact 
fraction  (when  t   to 
interior  imoact) 


Height  of  curb 
(D22) 


Second  cantilever 
point  load  (P4) 


Distance  from  hott 
of  deck  to  centroid 
of  AS6  (C6) 

I 1 ■- i 1 I I I I l_ 


Weight  of  timber 
deck  ing 


Allowable  hor  shear 
stress --deck ing 

(Inventory  Rating) 


Width  of  tire, 
truck  "2 


JS9 


I  imbei  lock  II  nU' 
1.) 


Distance  from  top 
of  ^ec\    to  centroi  1 
of  AS1  (CI) 


Fraction  of  fy  for 
determining 
Inventory  °atine 


Wheel  load  of 
truck  "2 


Distance  from  bott 
of  slab  to  centroid 
of  AS4  (C4) 


Width  of  misc 
uniform  load  (D5) 


Width  of  curb 
(DID 


Weight  of  misc 
uniform  load  (W3) 


Width  of  misc 
uniform  load  (D171 


Width  of  curb 
(D23) 


Weight  of  wearing 
surface 


Decking  continuous 
over  more  than  two 

stringers (Enter  _1 ; ) 


Length  of  tire, 
truck  »3 


*    ■    ■ — *    ■    *    ' i_ 


-& 


J£ 


Impact    i'r; 
(gene  ml  1' 


ct  ion 
.31 


Distance  f 
of  deck  to 
of  <VS2    (C2 


rom  hot  t 
centroi 


fraction  o 
determinin 
Inventorv 


f   f!    f( 

g 
Rating 


Wheel 
t  ruck 


Dist  from  edge 
deck  to  second 
point   load,    P2 


Dist  from  Cext 
girder  to  taper 
fillet   (D12)" 


Second  cantilever 
point    load    (P2) 


listance   from  edge 
of  deck  to  second 
point   load,   P4(D181 


Dist   from    (f.  ext 
girder  to  taper  or 
fillet   (D24) 


Width  of  strinrcr 
or  supporting 
member 


Deck  l=Plank 
2=Laminated 
3=Snl ined/doweled 


Width  of 
truck  '3 


_: 1 : — 1_ 


TRAILER  CARD 
1 9.9 .91 


I        ~ 
NOTE:  A  trailer  card  mutt  fellow  the  let)  ttmctvre  card  containing  data 
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GIRDER  DESIGN,  REVIEW  AND  RATING 

3.1  Structural  Analysis 

3.1.1  General  Information.  The  series  of  programs  in  this  Section, 
called  "Structural  Analysis",  is  a  group  of  programs  designed  and  inter- 
connected in  such  a  way  that  the  designer  is  given  a  great  deal  of  freedom 
in  design  and  analysis. 

Input  is  minimized  through  selection  of  the  basic  structure.  First,  the 
designer  must  think  of  his  structure  as  a  series  of  lines.  Then,  he 
•  must  impose  upon  this  linear  layout  the  elevations,  or  thickness  of 
each  member,  which  we  will  call  spans.  After  being  satisfied  with  the 
aesthetics  of  the  planar  layout,  he  must  give  each  span  its  depth;  in 
other  words,  define  the  cross  section. 

Output  is  in  various  forms  and  may  be  requested  as  needed.  The  beginning 
user  may  wish  to  have  all  reports  such  as  "Ream  Properties",  "Beam 
Characteristics"  and  "Influence  Lines".  After  becoming  familiar  with 
the  system  it  is  possible  that  these  reports  may  not  be  needed. 

There  are  four  main  programs  in  this  series.  They  are: 

a.  Beam  Properties.  The  "Beam  Properties"  programs  calculates 
for  each  twentieth  point  of  the  span: 

Beam  depth 

Cross-sectional  area 

Moment  of  inertia 

Distance  to  centroid  of  area 

Thickness  of  web 

Flange  thickness  of  top  flange 

Flange  thickness  of  bottom  flange 

Flange  width  of  top  flange 

Flange  width  of  bottom  flange 

The  span  ratio  and  method  of  depth  variation  are  also  given  for 
each  span. 

b.  Beam  Characteristics  and  Fixed  End  Moments.  The  "Beam 
Characteristics  and  Fixed  End  Moments"  program  determines  the 
relative  stiffness  and  carryover  factor  for  each  end  of  each 
span.   It  then  determines  the  fixed  end  moments  for  a  unit  load 
at  each  tenth  point  of  each  span. 

c.  Indeterminate  Coefficients.  The  "Indeterminate  Coefficients" 
program  sets  up  the  equations  for  indeterminacy  and  inverts  the 
matrix  of  constant  coefficients.  The  inverted  matrix  is  used 

by  successive  programs  to  determine  influence  line  coefficients. 
The  inversion,  if  obtained,  can  be  a  handy  tool  for  investigating 
various  loading  conditions  on  the  structure,  such  as  horizontal 
live  load,  settlement  of  supports,  shrinkage,  etc. 

d.  Influence  Lines.  The  "Influence  Line"  series  applies  loads 
to  each  tenth  point  of  each  span  and  finds  the  shears  at  each 
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end  of  each  span  and  calculates  the  moments  at  each  tenth  point 
(including  ends  of  spans)  of  each  span.  The  areas  are  then  cal- 
culated for  each  influence  line. 

All  coefficients  are  relative  to  the  first  span  length,  making 
use  of  the  lines  easy. 

The  "basic  structure"  (Figure  41),  previously  mentioned,  is  called  the 
cell  type  layout.  Most  bridge  structures  can  be  designed  using  the 
members  within  this  layout.  One  must  only  define  those  spans  that  are 
in  his  particular  structure. 

Many  types  of  frames  may  be  analyzed,  such  as  piers,  abutments,  box 
girder  sections  and  the  like. 

The  "continuous  type  layout"  is  to  be  used  when  there  are  more  than  six 
continuous  spans.  The  nineteen  spans  maximum  allows  an  analytical  approach 
to  the  design  of  such  things  as  floor  beams  for  arches,  etc. 

The  "slant  leg  layout"  is  a  routine  for  the  design  of  a  three  (or  five) 
span  slant  leg  bridge.  Sidesway  and  settlement  of  the  joints  C,  E,  G, 
and  I  are  allowed  in  this  structure.  Various  other  structures  may  be 
designed  by  omitting  different  spans. 

Ranges  and  restrictions  are: 

a.  Maximum  number  of  cross  section  ranges  for  any  one  span  is  eighteen. 

b.  Maximum  number  of  cross  sections  for  one  structure  is  ten. 

c.  Maximum  number  of  web  depths  for  a  span  is  five. 

d.  Ranges  for  web  depth  are  always  measured  from  left  to  right  from 
the  center  line  of  bearing  of  the  span. 

e.  The  moment  of  inertia  of  a  span  may  be  used  to  describe  a  span. 

f.  Span  number  one  of  the  designer's  structure  must  be  the  same  as 
span  number  one  of  the  example  sketches.  Refer  to  Figures  41  thru 
43,  page  72. 

g.  ^laximum  number  of  continuous  spans  is  nineteen, 
h.  Maximum  number  of  cells  is  six. 

i.  Maximum  number  of  upper  spans  in  a  slant  leg  structure  is  five. 

j .  The  joint  at  the  left  end  of  any  span  entered  by  a  4D1  or  402  card 

will  be  fixed.  The  maximum  number  of  joints  that  can  be  fixed  is  seven. 

k.  The  left  ends  of  the  vertical  (or  canted)  spans  are  considered  to 

be  at  the  top. 

1.  Only  one  span  may  frame  into  a  given  fixed  joint. 

m.  Only  cell  one  through  six  and  cell  nine  type  structures  may  have 

fixed  joints.  That  is,  structures  may  be  made  by  excluding  members 

of  any  cell  to  leave  the  desired  structure. 

3.1.2  Mathematical  Equations  and  Derivations.  DC101,  Beam  Characteristics 
and  Fix:ed  End  Moments. 

General.  This  program  will  find  the  stiffness  and  carryover  factors  for 
both  ends  of  any  shaped  beam.  The  required  information  is  moment  of  inertias, 
or  inertia  ratios,  at  both  sides  of  each  twentieth  point  of  the  span.  This 
was  chosen  so  an  abrupt  change  in  a  section  could  be  handled. 

Method  of  Analysis.  The  method  of  analysis  is  column  analogy1.  The  elastic 


indeterminate  Structural  Analysis,  J.  Sterling  Kinney;  Addison-Wesley 
Publishing  Co.,  Inc.,  1957;  Chapter  10,  Section  10-2,  P.  445 
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loads  for  fixed  end  moments  are  derived  for  point  loads  only.  The  noint 
loads  are  placed  at  each  successive  tenth  point  of  the  span. 

The  analogous  column  is  built  up  by  dividing  the  miminum  moment  of  inertia 
by  the  average  moment  of  inertia  for  each  segment.  See  Figures  15  and  16. 
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POSSIBLE  MOMENT  OF  INERTIA  PATTERN 
Figure  15 
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RESULTING  ANALOGOUS  COLUMN 
Figure  16 

The  areas  and  moments  of  the  areas  are  calculated  for  all  segments 
and  summed  up.  The  distance  from  the  left  end  to  the  centroid  of  the 
column  is  next  calculated  by  dividing  the  summation  of  moments  by  the 
summation  of  areas. 

Next,  the  moment  of  inertia  of  the  analogous  column  is  calculated  about 
its  own  centroid. 

By  definition,  the  stiffness  of  a  member  is  that  moment  necessary  to 
rotate  the  end  of  the  member  one  radian.  So  a  load  of  one  radian  is 
applied  at  one  end  at  a  time  and  the  resultant  flexural  strains  are 
calculated  from  the  flexural  strain  formula: 


=  P/A  ±  Pec/ I  which,  with  a  unit  load,  breaks  down  to  1/Aren  +  cc/T 

Where     e  =  eccentricity  of  load 

c  =  distance  to  calculated  strain 

I  -  moment  of  inertia  of  analogous  column 

!'L  =    1/Area  +  V/J>   F2   =   1/Area  -  XQ(L-Xn)/I,   PR  -   1/Area   +    (L-V0V7T, 

Where  Xq  =  distance  to  centroid  of  column 

PL  =  relative  stiffness  at  the  left  end 
FR  =  relative  stiffness  at  the  right  end 


Again,  by  definition,  the  carryover  is  that  portion  of  the  moment  that 
will  go  to  the  opposite  end  of  a  member  when  the  end  has  rotated  one 
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radian.  Therefore,  F2  is  the  amount  and  F2/FL  is  the  carryover  factor 
for  the  left  end  and  F2/FR  is  the  carryover  factor  for  the  right  end. 

To  demonstrate,  Table  I  will  show  the  calculations  for  the  stiffness  of 
the  member  found  in  Figure  16.  The  table  will  use  only  three  segments, 
although  the  program  uses  twenty. 


Seg- 
ment 


Ordi- 
nate 


Length 


Area 


Moment 
Arm 


Moment 


I 


til 


(.5)  .2712  = 
(.75). 2712  - 
(1)      .6712  = 


12 


It  -  A  d 


(.1)  ,46?=. 0211b 

(. 15). 26;  =  .  01014 

(.6)  .14'=. 0117h 

.04500 


X0  = 
FL  = 

FR  - 

¥?    = 

CL  = 


.5 
-.75 
1.00 

.475 
.85 
1 


1 
TU5-  + 

1 
.85  " 
-2.80 
~6T77 


2 


.1 

.15 
.6 

7SS 


.01 
.045 

.42 
7175 


.00033 

.0005 

.018 

.01883 


=  .5588 
.55882 


I  =  .01883  +  .04306  =  .06189 


.06189  ~  6" 
(1  -  .5588): 

.06189 

(1  -  .5588) 


!18 


=  4.3217 
5588 


06189 


71 
T8" 


.45117 


2.8071 

2.8071 


CR  = 


4.3217 


6495 


TARLF  I 


Die  calculations  for  fixed  end  moments  are  a  continuation  of   the  stiffness  and 
carryover  calculations.  The  elastic  load  is  the  simple  beam  moment  diagram 
which  is  imposed  over  the  analogous  column.  The  volume  of  the  moment  diagram 
with  a  width  equal  to  the  ordinates  of  the  column  is  calculated  as  illustrated 
in  Figure  17  and  Table  II. 

The  moment  of   the  volume  about  the  centroid  is  then  calculated  and  the  flexure 
formula  again  applied  to  find  the  strains  at  each  end.  Table  11  illustrates 
the  calculations  for  the  problem  in  Figure  17,  with  the  unit  load  at  the  center 
of   the  span.  The  fixed  end  moments  (FFM)  are  represented  by  the  flexure  caused 


Pab  ..  1(.5).5 


ANALOGOUS  COLUMN  LOADED  WITH  MOMENT  DIAGRAM 
(Unit  load  at  0.5  L) 
FIGURE  17 
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ELASTIC  LOAD  AREAS  AND  DISTANCES  TO  CENTROIDS  OF  AREAS 

Figure  18 
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by  the  loading,  just  as  in  the  stiffness  case.   Fixed  end  moments  Tor 
any  other  loading  condition  may  be  calculated  in  exactly  the  same  manner. 


SEC. 

AVG.  ORD 

length 

WIDTH 

VOLUME 

ARM 

MnMi;\T 

1 

0+.1 

2 

? 

.5 

.005 

-.50+. 155=-. 427 

-.00  2135 

9 

.1  +  .2 

1 

.75 

.0225 

-.56+. 311=-. 249 

-.00360 

3 

.2+. 25 
2 

.1 

1. 

.0225 

-.56+. 451=-. 109 

- .00245 

'I 

.25+0 

.5 

1. 

.0625 

-.56+. 667=. 107 

.00668 

.1125 

-.00351 

H 

.1125 
.85 

-.00  351  (.-.56  J 
.06189 

.132  + 

.0317  =  .1657 

i-rip 
i . 

* 

_  .1125  , 
.85 

-.00351C44) 
.06189 

.132  -  . 

0249  =  .1071 

TABLE  II 

It  may  be  noted  that  the  average  ordinates  and  distances  to  the  control ds 
of  the  segments  are  independent  of  the  width  of  the  analogous  column  for 
any  given  moment  diagram.  A  table  of  values  has  been  prepared  for  each 
ordinate  and  distance,  as  illustrated  in  Figure  18,  and  the  resulting 
values  have  been  stored  in  the  program. 

DC401,  Standard  Analysis 

General.  This  program  includes  the  analysis  for  all  six  of  the  cell 
type  structures  (single  cell,  double  cell,  etc.  thru  six  cells);  the 
six  span  integral  leg  structure,  called  cell  seven;  six  span  continuous 
(cell  eight);  19  span  continuous,  denoted  as  cell  number  nine. 

The  cell  structure  with  its  nomenclature  is  used  for  the  first  eight 
cells  (cell  number  one  thru  eight,  plus  cells  ten  and  eleven)  and  is 
shown  in  Figure  19.  The  19  span  continuous  structure  (cell  nine)  has 
a  different  nomenclature  and  may  be  found  in  Figure  20. 
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NOMENCLATURE  OF  CELL  STRUCTURE 


Figure  19 
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NOMENCLATURE  OF  19  SPAN  CONTINUOUS  STRUCTURE 
Figure  20 

Method  of  Analysis.  The  slope-deflection  method2  is  the  method  used 
in  the  analysis  of  the  cell  structure.  Equations  were  written  for  each 
member  (span)  and  set  up  in  a  matrix  equation  form  for  inversion. 

The  general  conditions  of  the  structure  are: 

a.  Sidesway  was  not  allowed  ;  displacement  angles  at  joints  R,D, 
F,H,J,L  and  N  of  spans  7  thru  13  respectively  equal  ze 

b.  Settlement  at  supports  was  not  allowed,  all  other  displacement 
angles  equal  zero. 

DEFINITION  OF  TERMS 

MAC  =  Final  moment  (after  distribution  at  joint  A  in  member  AC 

[span  1]) 
FAB  =  Fixed  end  moment  at  joint  A  in  member  AR  (span  7) 

6A  =  rotation  of  joint  A  due  to  moment  distribution 
KAC  =  Relative  stiffness  in  member  AC  at  end  A 
CCA  =  Carryover  factor  in  member  AC  at  end  C 
SAC  =  KAC  times  CAC  =  KCA  times  CCA 

p7  =  Displacement  angle  of  span  7 

SINGLE  CELL  ANALYSIS 

Slope- deflect ion  equations  are: 

1.1  MAB  =  FAR  -  KAR  x  0A  -  CRA  x  KRA  x  flR  +  fKAR  +  CRA  x  KRA)  y  n7 

1.2  MAC  =  FAC  -  KAC  x  0A  -  CCA  x  KCA  x  6C  +  (KAC  +  CCA  x  KCA)  x  pi 

1.3  MRA  =  ERA  -  KRA  x  6R  -  CAR  x  KAB  x  eA  +  (KRA  +  CAR  x  KAR)  x  P7 

1.4  MRD  =  FRD  -  KRD  x  6R  -  CDR  x  KDR  x  9D  +  (KRD  +  CDR  x  KDR)  x  pi  4 

1.5  MCA  -  FCA  -  KCA  x  9C  -  CAC  x  KAC  x  9A  +  (KCA  +  CAC  x  KAC)  x  pi 

1.6  MCD  =  ECD  -  KCD  x  0C  -  CDC  x  KDC  x  6D  +  (KCD  +  CDC  x  KDC)  x  P8 

1.7  MDR  =  FDB  -  KDR  x  6D  -  CRD  x  KRD  x  6R  +  (KDR  +  CRD  x  KRD)  x  ol4 

1.8  MDC  =  FDC  -  KDC  x  6D  -  CCD  x  KCD  x  9C  +  (KDC  +  CCD  x  KCD)  x  p8 

Statical  condition  equations  are: 


2 

1 

MAB 

=  - 

MAC 

2 

.2 

MM) 

=  - 

MRA 

"> 

3 

MCD 

=  - 

MCA 

i 

4 

MDR 

=  .. 

MDC 

i 

.5 

Pi, 

p7, 

p8  and 

pl4 

zero 
Set  identities  are: 


Ibid,  page  477 
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3.1  SAC  =  KAC  x  CAC  =  KCA  x  CCA 

3.2  SAB  =  KAB  x  CAB  -  KBA  x  CBA 
3.5  SBD  =  KBD  x  CBD  =  KDB  x  CDB 
3.4  SCD  =  KCD  x  CCD  =  KDC  x  CDC 


Substituting  equations  2  and  3  into  equations  1  and  arranging  in 
matrix  form,  we  get  the  matrices  displayed  in  Figure  21. 


L. 

Kac 

SAC 

X 

MAC 

= 

FAC 

L. 

5ab 

KBA 

MBA 

FBA 

L. 

SAC 

KCA 

MCA 

FCA 

L. 

5CD 

kdc 

MDC 

FDC 

-1. 

KAB 

Sab 

6A 

Fab 

-1. 

^bd 

SBD 

ob 

Fbd 

-1. 

\CD 

SCD 

ec 

FCD 

-1. 

SBD 

KDB 

6D 

FDB 

ONE  CELL  MATRICES 


Figure  21 


DOUBLE  CELL  ANALYSIS 


Slope- deflection  equations.  The  equations  of  single  cell  are  valid 
and  the  additional  equations  are: 


1.9  MCE  =  FCE  - 

1.10  MEC  =  FEC  - 

1.11  MDF  =  FDF  - 

1.12  MFD  -  FFD  - 

1.13  MEF  =  FEF  - 

1.14  MFE  =  FFE  - 


KCE  x  6C 
KEC  x  9E 
KDF  x  9D 
KFD  x  6F 
KEF  x  0E 
KFE  x  6F 


CEC 
CCE 
CFD 
CDF 
CFE 
CEF 


KEC  x 
KCE  x 
KFD  x 

KDF  x 
KFE  x  9F 
KEF  x  BE 


6E 

ec 

6F 

eD 


Statical  condition  equations  are: 


2.1  MAB  =  -  MAC 

2.2  MBD  =  -  MBA 

2.3  MFD  =  -  MFE 

2.4  MEF  =  -  MEC 

2.5  MCD  =  -  (MCA  +  MCE) 

2.6  MDF  =  -  (MDB  +  MDC) 

Set  identities  (additional) 

are 

SCE  =  KCE  x  CCE  =  KEC  x 

CEC 

SDF  =  KDF  x  CDF  =  KFD  x 

CFD 

SEF  =  KEF  x  CEF  =  KFE  x 

CFE 

Again,  by  substitution  and  arranging  in  matrix  form,  we  get  the 
matrices  displayed  in  Figure  22. 
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1 

KAC 

SAC 

l 

SAB 

KBA 

l 

SAC 

KCA 

i 

KCE 

SCE 

l 

SBD 

KDB 

! 

i 

SCDKDC 

! 

l 

5CE 

Kec 

l 

sefkfe 

-l 

KAI 

SAI 

-l 

KBD 

SBD 

— - 

-l 

-l 

KCDSCD 

-l 

-l 

Kdf 

SDF 

-l 

IQEFSEF 

i 

. 

-i 

SDF 

KFD 

MAC 
MBA 

= 

FAC 

FBA 

MCA 

FCA 

MCE 

FCE 

MDB 

FDB 

MDC 
MEC 

FDC 

X 

F€C_ 

FFE 

MFE 

9A 

FAB 

&B 

FBD 

ec 

FCD 

FDF 

0D 

6E 

FEF 

0F 

FFD 

TWO  CELL  MATRICES 
Figure  22 

TRIPLE  CELL  ANALYSIS 

Slope-deflection  equations.  The  previous  equations  are  valid  and 
the  additional  equations  are: 


1.15  MEG  = 

PEG  -  KEG  x 

6E  -  CGE  x  KGE  x  6G 

1.16  MGE  = 

FGE  -  KGE  x 

0G  -  CEG  x  KEG  x  0E 

1.17  MGH  - 

FGH  -  KGH  x 

0G  -  CHG  x  KHG  x  0H 

1.18  MUG  = 

FUG  -  KHG  x 

ell  -  CGHx  KGH  x  0G 

1.19  MFII  = 

FFII  -  KFH  x 

BF  -  CHF  x  KHF  x  6H 

1.20  Ml  IF  = 

FHF  -  KHF  x 

011  -  CFH  x  KFH  x  0F 

Statical  c 

ondition  equations  and  identities  are 

2.1  MAB  - 

-  MAC 

3.1  SAB  =  KAB  x  CAB  = 

KBA 

X 

CBA 

2.2  MB1)  = 

-  MBA 

3.2  SCD  =  KCD  x  CCD  = 

KDC 

X 

CDC 

2.5  MHF  = 

-  MHG 

3.3  SCE  =  KCE  x  CCE  = 

KEC 

X 

CEC 

2.4  MG1I  = 

-  MGE 

3.4  SDF  =  KDF  x  CDF  - 

KFD 

X 

CFD 

2.5  MCI)  = 

-  (MCA  +  MCE) 

3.5  SEG  =  KEG  x  CEG  = 

KGE 

X 

CGE 

2.6  MDF  - 

-  (MDC  +  MDB) 

3.6  SFH  =  KFH  x  CFH  - 

KHF 

X 

CHF 

2.7  MEF  = 

-  (MEC  +  MEG) 

3.7  SAC  =  KAC  x  CAC  = 

KCA 

X 

CCA 

2.8  MFII  - 

-  (MFE  +  MFD) 

3.8  SBD  =  KBD  x  CBD  = 

KDB 

X 

CDB 

3.9  SEF  =  KEF  x  CEF  = 

KFE 

X 

CFE 

3.10  SGH  -  KGH  x  CGH  = 

KHG 

X 

CHG 

By  substituting  equations  2  and  3  into  1  and  arranging  into  matrix 
form,  we  get  the  matrices  displayed  in  Figure  23. 

FOUR  CELL  ANALYSIS 
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Slope-deflection  equations.  Previous  equations  are  valid.  The  new 
equations  required  are: 


1.21 

MGI  = 

=   FG1    - 

KG  I 

X  6G   - 

KIG  x  GIG  x  61 

1.22 

MIG  = 

=   FIG   - 

KIG 

x  81  - 

KGI  x  CGI  x-eC 

1.23 

MIJ  = 

■■  FIJ   - 

KIJ 

X    61    - 

KJI  x  CJI  x  6J 

1.24 

MJI  = 

■-  F.II   - 

KJI 

x  ej  - 

KIJ  x  CIJ  x  61 

1.25 

MIH  = 

■■  F.TII   - 

Kill 

X    6J    - 

WIT  x  CHJ  x  6H 

1.26 

MUJ  ■ 

=  Fin  - 

KRJ 

x  en  - 

KJH  x  CJH  x  8J 

Statical  condition  equations  and  identities  are: 


2.1 

MAB  =- 

-  MAC 

2.2 

MBD  = 

-  MBA 

2.3 

Mill  = 

-  Mil 

2.4 

MIJ  = 

-  MIG 

2.5 

MCD  = 

-    [MCA  +  MCE) 

2.6 

MDF  = 

-    fMDC  +  MDB) 

2.7 

MEF  = 

-    (MEC  +  MEG) 

2.8 

:ifh  - 

-    (MFE  +  MFD) 

2.9 

MGH  = 

-    (MGE  X  MGI) 

2.10 

MHJ  = 

-    (MHG   f  MHF) 

3.1 

SAB 

=   K'AR 

x 

CAB 

= 

KBA 

x  CM 

3.2 

SCI) 

=  KCD 

X 

CCD 

= 

KDC 

x  CDC 

3.3 

SCE 

=  KCE 

X 

CCE 

n 

KEC 

x  CEC 

3.4 

SDF 

=  KDF 

X 

CDF 

= 

KFD 

X  TFD 

3.5 

SEG 

=  KEG 

X 

CEG 

= 

KGE 

x  CGE 

3.6 

SFH 

=  KFII 

X 

CFH 

= 

K1IF 

x  CHF 

3.7 

SGI 

-  KGI 

X 

CGI 

= 

KIG 

x  CIG 

3.8 

SMI 

=  KHJ 

X 

CHJ 

= 

KJH 

x  CJH 

3.9 

SAC 

-   KAC 

X 

CAC 

= 

KCA 

x  CCA 

3.10 

SRD 

=  KBD 

X 

CBD 

= 

KDB 

x  CDB 

5.11 

SEF 

=   KEF 

X 

CEF 

= 

KFF. 

x  CFE 

3.12 

SGH 

=  KGH 

X 

CGH 

= 

lain 

x  CHG 

3.13 

SIJ 

=   KI.l 

X 

CIJ 

= 

KJI 

x  CJI 

to  1 

and 

arrant 

iing  into  matrix 

"orm,  we  get  the  matrices  displayed  in  Figure  25,  page  53, 


1 . 

■ 



KAC 

SAC 

! 

1. 

SAB 

KBA 

1. 

SAC 

KCA 

1. 

KCE 

SCE 

1. 

SBE 

KDB 

1- 

SCD 

KDC 

1  • 

1. 

SCE 

KEC 

1 

1. 

-  L^ 

KEG 

jSEC 

j. 

i 

SDF 

kfJ 

1. 

SEF 

kffJ 

,. 

1 
I1' 

SEC 

Jkge 

! 

1. 

SGH 

KHG 

-1. 

1 
i 

KAB 

SAE 

-1. 

| 

KBD 

sbd! 

-1. 

-1. 

L___ 

KCD 

i 
SCfl 

1 

-1. 

-1. 

1 

kde| 

SDF 

-1. 

-M 

KEF 

SEF 

| 

-i. 

"I- 

KFF 

'SFFJ 

i 

-1. 

1 

KGHSGtj 

i 

i 

-1. 

I       JSFK 

khf) 

MAC 

MBA 

MCA 

MCE 

MDB 

MDC 

Mec 

MEG 

MFD 

V 

MFE 

MGE 

MHG 

6A 

6B 

9C 

6D 

5E 

■:F 
6G 

6H 

FAC 


FBA 


FCA 


FCE 


FDB 


FDC 


FEC 


FEG 


FFD 


FFE 
FGE 
FHG 
FAB 
FBD 
FCD 
FDF 
FEF 

FFH 
FGH 

FHF 


THRIVE  CELL 

MATRICES 

Figure  23 
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FIVE  CELL  ANALYSIS 

Slope-deflection  equations, 
equations  required  are: 

1.27  MIK  =  FIK  -  KIK  x  61  ■ 

1.28  MKI  =  FKI  -  KKI  x  9K  ■ 

1.29  MKL  =  FKL  -  KKL  X  6K  ■ 

1.30  MLK  =  FLK  -  KLK  x  9L  • 

1.31  MLJ  =  FLJ  -  KLJ  x  9L  ■ 

1.32  MJL  =  FJL  -  KJL  x  6J  ■ 


•  Previous  equations  are  valid.  The  new 


KKI  x  CKI 
KIK  x  CIK 
x  CLK 
x  CKL 
KJL  x  CJL 
KLJ  x  CLJ 


KLK 
KKL 


9K 
61 
6L 
6K 
6J 
6L 


Statical  condition  equations  and  identities  are: 


MAB  = 
MBD  = 
MLJ  = 
MKL  = 
MCD  = 
MDF  = 
MEF  = 
MFH  = 
MGH  = 

2.10  MHJ  = 

2.11  MIJ  = 

2.12  MJL  = 


2.1 

2.2 
2. 3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 


MAC 

MBA 

MLK 

MKI 

(MCA 

(MDC 

(MEC 

(MFE 

(MGE 

(MHG 

(MIG 

(MJI 


MCE) 
MDB) 
MEG) 
MFD) 
MGI) 
MHF) 
MIK) 
MJH) 


3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 


SAB 
SCD 
SCE 
SDF 
SEG 
SFH 
SKL 
SGI 
SHJ 


3.10  SIK 

3.11  SJL 

3.12  SAC 

3.13  SBD 

3.14  SEF 

3.15  SGH 


KAB  x  CAB 
KCD  x  CCD 

x 

x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


KCE 
KDF 
KEG 
KFH 
KKL 
KG  I 
KHJ 
KIK 
KJL 
KAC 
KBD 
KEF 
KGH 


CCE 
CDF 
CEG 
CFH 
CKL 
CGI 
CHJ 
CIK 
CJL 
CAC 
CBD 
CEF 
CGH 


3.16  SIJ  =  KIJ  x  CIJ  = 


KBA 
KDC 
KEC 
KFD 
KGE 
KHF 
KLK 
KIG 
KJH 
KKI 
KLJ 
KCA 
KDB 
KFE 
KHG 
KJI 


CBA 
CDC 
CEC 
CFD 
CGE 
CHF 
CLK 
CIG 
CJH 
CKI 
CLJ 
CCA 
CDB 
CFE 
CHG 
CJI 


By  substituting  equations  2  and  3  into  1  and  arranging  into  matrix  form, 
we  get  the  matrices  displayed  in  Figure  27,  page  54. 


SIX  CELL  ANALYSIS 

Slope-deflection  equations, 
new  equations  are: 

1.33  MKM  =  FKM  -  KKM  x  6K  - 

1.34  MMK  =  FMK  -  KMK  x  0M  - 

1.35  MMN  =  FMN  -  KMN  x  8M  - 


The  previous  equations  are  valid  and  the 


1.36 


=  FNM  -  KNM  x  9N 


1.37  MNL  =  FNL  -  KNL  x  9N 


KMK  x  CMK  x  6M 
KKM  x  CKM  x  9K 
KNM  x  CNM  x  9N 
KMN  x  CMN  x  6M 
KLN  x  CLN  x  6L 


1.38  MLN  =  FLN  -  KLN  x  9L  -  KNL  x  CNL  x  9N 
Statical  condition  equations  and  identities  are: 


2.1  MAB  = 

-  MAC 

2.8     MFH  =  • 

-    (MFE  +  MFD) 

2.2  MBD  = 

-  MBA 

2.9     MGH  = 

-    (MGE  +  MGI) 

2.3  MMN  = 

-  MVflC 

2.10  MHJ  =  ■ 

-    (MHG  +  MHF) 

2.4  MNL  = 

-  MNM   • 

2.11  MJL  =  • 

-    (MJI  +  MJH) 

2.5  MCD  = 

-    (MCA 

+  MCE) 

2.12  MIJ  =  ■ 

-    (MIG  +  MIK) 

2.6  MDF  = 

-    (MDC 

+  MDB) 

2.13  MKL  =  ■ 

-    (MKI  +  MKM) 

2.7  MEF  = 

-    (MEC 

+  MEG) 

2.14  MLN  =  ■ 

■    (MLK  +  MLJ) 
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3.1 

SAB  = 

KAB  x  CAB  = 

KBA  x  CBA 

3.11  SJL  = 

KJL  x  CJL  = 

KLJ  x  CLJ 

3.2 

SCD  = 

KCD  x  CCD  = 

KDC  x  CDC 

3.12  skm  = 

KKM  x  CKM  = 

KMK  x  CMK 

3.3 

SCE  = 

KCE  x  CCE  = 

KEC  x  CEC 

3.13  SLN  = 

KLN  x  CLN  = 

KNL  x  CNL 

3.4 

SDF  = 

KDF  x  CDF  = 

KFD  x  CFD 

3.14  SAC  = 

KAC  x  CAC  = 

KCA  x  CCA 

3.5 

SEG  = 

KEG  x  CEG  = 

KGE  x  CGE 

3.15  SBD  = 

KBD  x  CBD  = 

KDB  x  CDB 

3.6 

SFII  = 

KFII  x  CFH  = 

KHF  x  CHF 

3.16  SEF  = 

KEF  x  CEF  = 

KFE  x  CFE 

3.7 

SMN  = 

KMN  x  CMN  = 

KNM  x  CNM 

3.17  SGH  = 

KGH  x  CGH  = 

KHG  x  CHG 

3.8 

SGI  = 

KGI  x  CGI  = 

KIG  x  CIG 

3.18  SIJ  = 

KIJ  x  CIJ  = 

KJI  x  CJI 

3.9 

SHJ  = 

KHJ  x  CHJ  = 

KJH  x  CJH 

3.19  SKL  = 

KKL  x  CKL  = 

KLK  x  CLK 

3.10 

SIK  = 

KIK  x  CIK  = 

KKI  x  CKI 

By  substituting  equations  2  and  3  into  1  and  arranging  into  matrix 
form,  we  get  the  matrices  displayed  in  Figure  28,  page  55. 

SEVEN  CELL  ANALYSIS  (Six  span  integral  leg  structure) 

Slope-deflection  equations  are: 


1.2 
1.5 
1.6 
1.8 
1.9 


MAC 
MCA 
MCD 
MDC 
MCE 


1.10  MEC 

1.13  MEF 

1.14  MFE 

1.15  MEG 

1.16  MGE 

1.17  MGH 

1.18  MHG 

1.21  MGI 

1.22  MIG 

1.23  MIJ 

1.24  MJI" 

1.27  MIK 

1.28  MKI 

1.29  MKL 

1.30  MLK 

1.33  MKM 

1.34  MMK 


FAC 
FCA 
FCD 
FDC 
FCE 
FEC 
FEF 
FFE 
FEG 
FGE 
FGH 
FHG 
FGI 
FIG 
FIJ 
FJI 
FIK 
FKI 
FKL 
FLK 
FKM 
FMK 


KAC 
KCA 
KCD 
KDC 
KCE 
KEC 
KEF 
KFE 
KEG 
KGE 
KGH 
KHG 
KGI 
KIG 
KIJ 
KJI 
KIK 
KKI 
KKL 
KLK 
KKM 
KMK 


9A 
ec 
ec 

6D 

ec 

9E 

6E 
6F 
9E 
9G 
6G 
6H 
9G 
01 
91 
9J 
91 
9K 
9K 
9L 
9K 
9M 


KCA 
KAC 
KDC 
KCD 
KEC 
KCE 
KFE 
KEF 
KGE 
KEG 
KHG 
KGH 
KIG 
KGI 
KJI 
KIJ 
KKI 
KIK 
KLK 
KKL 
KMK 
KKM 


CCA 
CAC 
CDC 
CCD 
CEC 
CCE 
CFE 
CEF 
CGE 
CEG 
CHG 
CGH 
CIG 
CGI 
CJI 
CIJ 
CKI 
CIK 
CLK 
CKL 
CMK 
CKM 


9C 
9A 
9D 
9C 
9E 
9C 
9F 
9E 
0G 
9E 
9H 
9G 
91 
9G 
9J 
91 
9K 
91 
9L 
9K 
9M 
9K 


Statical  condition  equations  and  identities  are: 


2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 


MAC 
MDC 
MFE 
MHG 
MJI 
MLK 
MMK 
MCD 
MEF 


2.10  MGH 

2.11  MIJ 

2.12  MKL 


Zero 
Zero 
Zero 
Zero 
Zero 
Zero 
Zero 

-  (MCA  + 

-  (MEC  + 

-  (MGE  + 

-  (MIG  + 

-  (MKI  + 


MCE) 
MEG) 
MGI) 
MIK) 
MKM) 


3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 


SAC 
SCD 
SCE 
SEF 
SEG 
SGH 
SGI 
SIJ 
SIK 


3.10  SKL 

3.11  SKM 


KAC 
KCD 
KCE 
KEF 
KEG 
KGH 
KGI 
KIJ 
KIK 
KKL 
KKM 


CAC 
CCD 
CCE 
CEF 
CEG 
CGH 
CGI 
CIJ 
CIK 
CKL 
CKM 


KCA 
KDC 
KEC 
KFE 
KGE 
KHG 
KIG 
KJI 
KKI 
KLK 
KMK 


CCA 
CDC 
CEC 
CFE 
CGE 
CHG 
CIG 
CJI 
CKI 
CLK 
OIK 


By  substituting  equations  2  and  3  into  1  and  arranging  into  matrix  form, 
we  get  the -matrices  displayed  in  Figure  26,  page  53. 
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I;ICHT  CFFF  ANALYSTS  (Six  span  continuous  structure) 
SI  ope  -de  fleet  ion  equations  are: 


1.2 

MAC  - 

[•'AC  - 

KAC  x 

nA  - 

KCA  x 

CCA  x  ec 

1.5 

MCA  - 

I;CA  - 

KCA  x 

0C  - 

KAC  x 

CAC  x  6A 

1.9 

?k:i-  - 

i:c:i:  - 

kcf  x 

ec  - 

KT.C  x 

CEC  x  OF 

1.10 

mfc  - 

IM-C  - 

K1;C  x 

or.  - 

KCI:  x 

CCF  x  nc 

LIS 

MP.C.  - 

it:h  - 

KFG  x 

ei-  - 

KGE  x 

CGI:  x  0G 

1.16 

mci;  = 

I:GI:  - 

KGF.  x 

ec  - 

KRC  x 

CFG  x  OF 

1.21 

MCI  - 

1:CI  - 

KCI  x 

nc  - 

KIG  x 

CTG  x  01 

1   T1 

MIG  = 

rid  - 

K1G  x 

01  - 

KG  I  x 

CGI  x  OG 

1.27 

M1K  = 

r:iK  - 

KIK  x 

ei  - 

KKI  x 

CKI  x  6K 

1.28 

MKI  = 

FKl  - 

KKI  x 

eK  - 

KIK  x 

CIK  x  m 

1 .  33 

MKM  = 

FKM  - 

KKM  x 

6K  - 

KMK  x 

CMK  x  6M 

1  .  34 

'  r  IK  - 

FMK  - 

KMK  x 

9M  - 

KKM  x 

CKM  x  eK 

Stat  Leal  condition  equations  and  identities  are 


2.1  MAC  =  Zero 

2.2  MMK  =  Zero 

2.3  MCA  =  -  MCE 

2.4  MFC  -  -  MFC 

2.5  MCF  =  -  MGI 

2.6  MIG  =  -  MIK 

2.7  MKI  =  -  MKM 


3.1  SAC  =  KAC  x  CAC 

3.2  SCF  -  KCF  x  CCF 

3.3  SFG  =  KFG  x  CFG 

3.4  SGI  =  KGI  x  CGI 

3.5  SIK  =  KIK  x  CIK 

3.6  SKM  =  KKM  x  CKM 


KCA 

x 

CCA 

KFG 

X 

CFC 

KGF 

X 

CGF 

KIG 

X 

CIG 

KKI 

X 

CKI 

KMK 

X 

CMK 

By  substituting  equations  2  and  3  into  1  and  arranging  into  matrix 
form,  we  get  the  matrices  displayed  in  Figure  24. 


1 

1 

SAC 

KCA 

X 

! 

nica 

, 

'FCA 

i 

SCE 

KEC 

MEC 

FEC 

1 

^G 

^E 

^E 

rGE 

1 

SGI 

KIG 

MIG 

FIG 

1 

SlK 

KKI 

%I 

FKI 

KAC 

SAC 

eA 

FAC 

-1 

KcE 

SCE 

eC 

FCE 

-1 

KEG 

SEG 

eE 

Peg 

-1 

^  i 

sGi 

eG 

FGI 

-1 

KIK 

SIK 

6I 

FIK 

-1 

KKM 

SKM 

OK 

FKM 

,  ,. 

SKM 

*ta 

6M 

FMK 

EIGHTT  CFlL  MATRICES 
Figure  24 
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NINE  CELL  ANALYSIS  (19  span  continuous  structure) 
Slope- deflect ion  equations  are: 


1 

.1 

MAR  = 

FA.R  - 

KAB  x 

eA  _ 

GBA  x 

KBA  x   OR 

1 

T 

MBA  = 

FBA  - 

KBA  x 

°B  - 

CAB  x 

KAB  x   fiA 

1 

.3 

MBC  = 

FBC  - 

KBC  x 

eR  . 

CCB  x 

KCB  x   9c 

1 

..-1 

MCR  - 

FCB  - 

KGB  x 

0C  - 

CBC  x 

KBC  x  OR 

1 

.:", 

Men  = 

Fen  - 

K'GI)  x 

BC   - 

CDC  x 

KDC  x  on 

,(! 

■■mc  = 

FDC 

KDC  x 

np  - 

CCD  x 

KCD  x  00 

i 

MI)E  = 

PDl'i   - 

KDE  x 

op  - 

CED  x 

KED  x  BE 

1 

p8 

MET)  - 

FED  - 

KED  x 

HE  - 

CPE  x 

KDE  x  OD 

1 

f  i 

ND'F  = 

FEF   - 

KEF  x 

OF.  - 

CFE  x 

KFE  x  OF 

1 

.  J  o 

MFE  = 

FFF  - 

K'FF  x 

op  - 

CEF  x 

KEF  x  OF 

1 

.1  ! 

meg  = 

FFG  - 

KEG  x 

OF  - 

CGF  x 

KGF  x  0G 

1 

.12 

MGF  = 

FGF  - 

KGF  x 

0G  - 

CFG  x 

KFG  x  OF 

i 

.  :  :• 

MGII   - 

I'GII  - 

KGII  x 

8G    - 

CHG  x 

KHG  x   nn 

.  14 

MUG  = 

FUG   - 

WIG  x 

OH  - 

CGH  x 

KGII  x  OG 

1 

.15 

Mill   = 

Fill   - 

KHI  x 

OH  - 

CIH  x 

KIH  x  01 

1 

.  ici 

Mill  = 

FTII   - 

Kill  x 

01    - 

CHI  x 

KHI  x  OH 

1 

.  1  7 

MI. I  - 

FT.I   - 

KIT  x 

01    - 

CJI  x 

K.II  x  9.1 

1 

.1.8 

M.M    = 

F.l!    - 

KJI   x 

ej  - 

CIJ  x 

KIJ  x  01 

1 

.1.9 

M)K  = 

F.IK  - 

KJK  x 

OJ  - 

CKJ  x 

KKJ  x  6K 

1 

.20 

MKJ  = 

FK.T  - 

KKJ  x 

OK  - 

CJK  x 

KJK  x  0.1 

1 

.21 

MKL  = 

FKL  - 

KKL  x 

OK  - 

CLK  x 

KLK  x  OL 

! 

->  -> 

MLK  = 

FLK  - 

KLK  x 

OL  - 

CKL  x 

KKL  x  OK 

i 

.  23 

MEM  = 

FLM  - 

KIM  x 

OL  - 

CML  x 

KML  x  9M 

i 

.24 

'IMF  = 

FML  - 

KML  x 

8M  - 

CLM  x 

KLM  x  9L 

1 

i  r 
,_0 

MMN  = 

FMN  - 

KMN  x 

OM  - 

CNM  x 

KNM  x  BN 

1 

.26 

MNM  = 

FNM  - 

KNM  x 

9N  - 

CMN  x 

KMN  x  9M 

1 

7  7 

MNO  = 

FNO  - 

KNO  x 

ON  - 

CON  x 

KON  x  90 

! 

mon  = 

FON  - 

KON  x 

90   - 

CNO  x 

KNO  x  9N 

i 

29 

MOi1   - 

FOP   - 

KOP  x 

90   - 

CPO  x 

KPO  x  OP 

i . 

."SO 

MPO  = 

FPO   - 

KPO  x 

OP    - 

COP  x 

KOP  x  OO 

1. 

31 

MPQ  = 

FPQ  - 

KPQ  x 

9P    - 

CQP  x 

KQP  x  9Q 

L. 

32 

MOP  = 

FOP  - 

KQP  x 

9Q   - 

CPQ  x 

KPQ  x  OP 

1. 

33 

MOR  = 

FOR  - 

KQR  x 

oo  - 

CRO  x 

KRQ  x  OR 

1. 

34 

MRQ  - 

FRQ  - 

KRQ  x 

OR  - 

CQR  x 

KQR  x  0Q 

1. 

35 

MilS  = 

FRS   - 

KRS  x 

OR   - 

CSR  x 

KSR  x  OS 

1. 

3d 

MSR  = 

FSR  - 

KSR  x 

OS  - 

CRS  x 

KRS  x  OR 

1. 

37 

"ST  = 

FST   - 

KST  x 

9S   - 

CTS  x 

KTS  x  OT 

1. 

38 

mts  = 

FTS   - 

KTS  x 

9T  - 

CST  x 

KST  x  OS 

Statical  condition  equations  and  identities  are: 

2.11  MJK  =  -  Mil 

2.12  MKI.  =  -  MKT 

2.13  MLM  =  -  >tLK 

2.14  MMN  =  -  MIL 

2.15  MNO  -  -  MNM 

2.16  MOP  =  -  MON 

2.17  MPQ  =  -  MPO 

2.18  MQR  =  -  MQP 

2.19  MRS  =  -  MRQ 

2.20  MST  =  -  MSR 
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2.1 

MAB 

= 

Zero 

•>   -i 

Mrs 

= 

Zero 

2 .  .> 

MRC 

= 

Zero 

•  ten 

= 

-  MCA 

-> 

MDE 

= 

-  mdc 

2.6 

MEF 

- 

-   MED 

.  .  . 

MEG 

- 

-  MFE 

2 .  S 

MGH 

= 

-  MGF 

2.9 

Mill 

- 

-  MHG 

2.10 

Mil 

= 

i — 

3.1  SAB  =  KAB  x  CAB  =  KBA  x  CBA    3.11  SKL  =  KKL  x  CKL  =  KLK  x  CLK 

3.2  SBC  =  KBC  x  CBC  =  KCB  x  CCB    3.12  SLM  =  W   x  CLM  =  KML  x  CML 


3.3  SCD  -  KCD  x  CCD  =  KDC.  x  CDC  3.13  SMN  =  KMN  x  CMN  =  KNM  x 

3.4  SDE  =  KDE  x  CDE  =  KED  x  CED  3.14  SNO  =  KNO  x  CNO  =  KON  x  CON 

3.5  SEF  =  KEF  x  CEF  =  KFE  x  CFE  3.15  SOP  -  KOP  x  COP  =  KPO  x  CPO 

3.6  SFG  =  KFG  x  CFG  =  KGF  x  CGF  3.16  SPQ  =  KPO  x  CPQ  =  KQP  x  CQP 

3.7  SGH  =  KGH  x  CGH  =  KHG  x  CHG  3.17  SQR  =  KQR  x  CQR  =  KRQ  x  CRQ 

3.8  SHI  =  KHI  x  CHI  =  KIH  x  CHI  3.18  SRS  =  KRS  x  CRS  =  KSR  x  CSR 

3.9  SIJ  =  KIJ  x  CIJ  =  KJI  x  CJI  3.19  SST  -  KST  x  CST  =  KTS  x  CTS 

3.10  SJK  =  KJK  x  CJK  =  KKJ  x  CKJ 

By  substituting  equations  2  and  3  into  equation  1  and  arranging  into 
matrix  form,  we  get  the  matrices  displayed  in  Figure  29,  page  56. 
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1. 

KAC 

SAC 

X 

MAC 
MtA 

MCA 

MCE 

MD1 
MDC 

MEC 
MEG 
MFD 
MFE 
MGE 
MGI 
MKF 

Mm 

MJI 

9A 

6B 

ec 

6D 
6E 
6F 
6G 

6H 

ei 

ej 

FAC 
FBA 
FCA 

FCE 
FDB 
FDC 
FEC 
FEG 
FFD 
FFE 
FGE 
FGI 
FHF 
FHG 

FIG 

FJI 

Fab 
fbd 

FCD 

Fdf 
Fee 

FFH 

Fgh 

Fhj 

FIJ 
FJH 

1. 

5AI 

KM 

1. 

Sac 

KCA 

1. 

KC1 

5CE 

1. 

" 

SBD 

KDI 

1. 

SCD 

CDC 

1. 

SCI 

KEC 

1. 

KEG 

SEG 

1. 

sor 

cn 

1. 

sef 

ICFE 

1. 

SEG 

KGE 

1. 

KG  I 

SGI 

1. 

5FH 

KHF 

1. 

5GH 

KHG 

1. 

SGI 

KIG 

1. 

SIJ 

KJI 

■1. 

Kai 

5AI 

•- 

-1. 

KBO 

5BD 

-1. 

■1. 

KCD 

5cri 

-1. 

-1. 

IDF 

SDF 

■1. 

-1. 

KlF 

Bef 

-1. 

-1. 

KFH 

SFH 

-1. 

-1. 

KGM 

BG1 

-1. 

-1. 

KHJ 

KU 

SHJ 
SIJ 

-1. 

-1. 

SHJ 

fOH 

i 
1 

SAC 

hi 

L 

'! 

*c, 

sc 

— 

4- 

i 

sc. 

■ 

K* 

1 

PC 

S 
E( 

i 

4" 

- 

— 

SEC 

K 

G! 

K 

^ 

s 

i 
1  — 

-- 

-— 

l 

S 

Gl 

Kir 

1— 

l 

K 

S 

[     • 

l 

S 
TK 

fr 

- 

• 

l 

s 

K> 

-1 

-i 

'AC, 

s 

CI 

s 

en 

s 
CE 

K 

Dd 

-i 

-i 

K 

EF 

seJ 

1 

S 
EF 

** 

1 

-  - 

-i 

-l 

1 
1 

% 

!s* 

-l 

1 

SG« 

\c 

-4 

-i 

Wu 

). .  .. 

-  + 

T 

Ll    ti 

i 

-l 

*\] 

SKU 

[J 

i  i 

1     !    1 
l 

: 

5 

Kl 

"n 

-^ 

1  1 

r 

KH 

MK 

CA 


CB 


M  ^ 
.  GE 

£3 


-id 

M 

M 

X. 


M 


** 


c/ 


F 
f 

GE 


K 


IG 


J2: 


F 

-Ad 

F 


J2i 


£1 

£1 

1_H£ 


pour  n-i.i. 


'lATRKP.S 


i  tniro 


ST\   SP.V. 
TYTTIQIM.  '.'•'• 
•lATRTCfS 
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DC401A,  5  Span  Slant  Leg  Rigid  Frame  Analysis 
By  slope-deflection  method.  . 


A   LI 


1.3     G 


STRUCTURE  NOMENCLATURE 
Figure  30 


Assumptions: 

a.  Pinned  joints  at  A,  D,  F,  and  G  (Moments  =  0). 

b.  Sidesway  and  settlement  of  joint  C  and  F  are  allowed. 

c.  No  exterior  horizontal  reaction  at  A  and  C. 

d.  All  members  remain  their  original  lengths. 

Definitions: 

"1AC  =  Final  moments  at  A  in  member  AC. 

FAC  =  Fixed  end  moment  at  A  in  member  \C. 

KAC  =  Stiffness  at  A  in  member  AC. 

CAC  =  Carryover  factor  at  A  in  member  AC. 

9A  =  Angle  joint  A  will  rotate  under  loading 

pA  =  Angle  "defined  by  A/L,  where  A  is  the  amount  of  translation 

of  end  of  member  and  L  =  length  of  member. 
A   =  Amount  of  sidesway  (travel  in  horizontal  direction). 
II   =  Summation  of  horizontal  reactions. 
L8  =  Length  of  member  8. 

Derivations: 

a.-  H   =  IID  +  I  IF 

b.  MCD  =  PJ3xL8xCosai 

c.  MEF  =-PxFxL9xCosa-> 


+  IDxL8xSina1 
+  IIFxL9xSira^ 


By  combining, 
MCD 


H  = 


L8KSin  a!    L9XSin  a2 


MEF      RD  Cos  ai  +  RF  Cos  a2 
Sin  ai      Sin  a2 


(Equation  1) 


Considering  that  shears  (or  reactions)  at  joints  C  and  F,  cause  moments  in 
the  structure,  the  condition  equations  for  reactions  are  written. 
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P  =  Unity 


RA 


LI        jf>       L2        m       L3 

VCA   VCE  VEC   "EG 

RC  RE 


M 


RG 


SHEAR  SKETCH 
Figure  31 

Condition  1 

Load  in  Span  1.   (0  <  g  <_  LI) 

RC  =    FMCA  +  -  gj/lil  -    [MCE  +  MEC]/L2  =  RD 

RD  x  LI  +    [MCE  +  1EC1L1/L2  -  MCA  =  g 

PP.  =    rMT£  +  MCEJ/L2  -  MEG/L3  =  RF 
RF  +  MEG/L3  -    [MEC  +  MCEJ/L2  =  n 

Condition  2 

Load  in  Span  2.      (LI   <  g  <_  LI  +  L2) 

RC  =  MCA/LI   -    [MCE  +  MECJ/L2  +    [LI  +  L2   -   g]   =  RD 
RD  x  LI  +    [MCE  +  MEC]/Ll/L2-MCA=[Ll+L2-g]Ll/L2 

RE  =  -JEG/L3+[MCE+MEC]/L2+[g-Ll]/L2  =  RF 
RF  +  MEG/L3-[MCE+MEC]/L2  =    [g-Ll]/L2 

Condition  3 

Load  in  Span  3.   (LI  +  L2  <  g  <_  LI .  +  L2  +  L3) 

RC  =  MCA/Ll-[MCE+r>EC]/L2  =  RD 
RD  x  L1+[MCE+MEC]L1/L2-MCA  =  0 

RE  =  [MCE+MCA]/L2-MEG/L3+[Ll+L2+L3-gl/L3  =  PR 
RF  =  +MEG/L3-[MCE+MEC]/L2  =  Ll+L2+L3-g]/L3 


(Equation  2A) 
(Equation  3A) 

(Equation  7B) 
(Equation  3B) 


(Equation  2C) 


(Equation  3C") 


Note  the  similarity  between  equations  2A,  2B  and  2C  and  equations  3A, 
3B  and  3C,  the  only  difference  being  on  the  right  of  the  equal  sign. 
Let  the  constants  be  designated  by  CI  for  equations  2  and  C2  for 
equations  3. 

Allowing  sidesway  of  the  joints  causes  translation  (p)  of  each  member 

end.  This  translation  can  be  written  in  terms  of  a  horizontal  displacement 

A,  (called  sidesway). 


TRANSLATION  OF  SPAN  1  AND  SPAN  8 
Figure  32 
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A8   =   A/Sin    [a}    -   Pl/2] 
A}    =   A   Ctn    [aj    -   pi/2] 
Pl  =   A8360/2ttL8    =    15A8/ttL8         (L8    in    ft.) 
O)   -   Pi/2    =   «!    -    7.5Aa/^L8    =   ai    -    2.3873A8/L8 
Wc    see    thatp,   is    a   negligible    term,    therefore: 


A8    =    A/Sinctj 
Ag    =   A/Sina9 


A  Ctn  ai 


A3  =  A  Ctn  ct2 


A2  =  AT  +  A3  =  A  Ctn  aj  +  A  Ctn  a2 


A  A' 


F* 


z: 


'3  G  G 


r  1  pi 

D 

TYPICAL  TRANSLATION 
Figure  33 

General  equations  of  the  beams  are: 


1.1  MAC   =   FAC   -   KACx9      -   CCAxKCAxS      +   p    (KAC   +   CCAxKCA) 

1.2  MCA   =   FCA   -   KCAx9£  -   CACxKACxG^  +   p J (KCA  +   CACxKAC) 

1.3  MCE   =   FCE   -   KCEx9c   -   CECxKECxe^  +   p2(KCE   +   CECxKEC) 

1.4  MEC   =   FEC   -   KECx9E   -   CCExKCEx9~;  +  p2(KEC  +   CCExKCE) 

1.5  MEG   =   FEG   -   KEGx9£   -   CGExKGExe^  +   p3(KEG  +   CGExKGE) 

1.6  MGE   =   FGE   -   KGEx9G   -   CEGxKEGxe      +   p3(KGE  +   CEGxKEG) 

1.7  MCD   =   FCD   -   KCDx6c   -   CDCxKDCx9D  +   p8(KCD  +   CDCxKDC) 

1.8  MDC   =   FDC   -   KDCx9n   -   CCDxKCDx0c   +   p8(KDC   +   CCDxKCD) 

1.9  MEF   =   FEF   -   KEFx9E   -   CFExKFExg      +   pg(KEF  +   CFExKFE) 

1.10  MFE   =   FFE   -   KFEX9F   -   CEFxKEFx9      +   Pq(KFE  +  CEFxKEF) 

E     y 


Condition  equations  are: 


Identities  to  be  used; 


2. 1  MCD  =  -(MCA  +  MCE) 

2.2  MEF  =  -(MEC  +  MEG) 

2.3  MAC  =  Zero 

2.4  MDC  =  Zero 

2.5  MFE  =  Zero 

2.6  MGE  =  Zero 


3.1  SAC  =  KACxCAC  =  KCAxCCA 

3.2  SCE  =  KCExCCE  =  KECxCEC 

3.3  SEG  =  KEGxCEG  =  KGExCGE 

3.4  SCD  =*  KCDxCCD  =  KDCxCDC 

3.5  SEF  =  KEFxCEF  =  KFExCFE 


Substituting  equations  2  and  3  into  equations  1  and  arranging  into 
matrix  form,  we  get  the  matrices  displayed  in  Figure  34,  page  60. 
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Considering  that  shears  (or  reactions)  at  joints  C,  E,  G,  and  I  cause 
moments  in  the  structure,  the  condition  equations  for  reactions  are 
written. 


A 


P  =  Unity 

E 


c       »       f  r 

vca'Jvce  vec'Jveg  vge'|yc 


t 


K 


RA 


LI 


RC 


L3  ih  L4  Jfi 

vge'|Vgi  vig'Ivik 

RE  RG 


SHEAR  SKETCH 

Figure  36 

With 

RC  =  VCA  +  VCE  -  -RD 

RE  =  VEC  +  VEG  =  -RF 

RG  =  VGE  +  VGI  =  -RI-I 

RI  =  VIC  +  VIK  =  -RJ 

Condition  1 

And  a  point  load  in  the 

first  span  [0<g<Ll], 

VCA  =  (MCA+g)/Ll 
VEC  =  (MEC+MCE)/L2 
VGE  =  (MEG+MGE)/L3 
VTG  =  (MGI+MIG)/L4 

VCE  =-(MCE+MEC)/L2 
VEG  =-(MEG+MGE)/L3 
VGI  =-(MGI+MIG)/L4 
VIK  =  -  MIK/L5 

by  substitution, 

-I©  =  (MCA+g)/Ll  "  (MCE+MEC) /L 2 

-RF  =  0!EC+MCE)/L2  -  (MEG+MGE)/L3 

-RII  =  0IEG+MGE)/L3 

-RJ  =  (MGI+MIG)/L4 


(MGI+MIG)/L4 

MIK/L5 


and 

-RD  + 
-RF  - 
-RH  - 
-RJ  - 


(MCE+MEC) /L2 
(>IEC+MCE)/L2 
(MEG+MGE)/L3 
(MGI+MIG)/L4 


MCA/LI  =  g/Ll 
(MEG+MGE)/L3  =  0 
(MGI+MIG)/L4  =  0 
MIK/L5  =  0 


(Equation  2A) 
(Equation  3A) 
(Equation  4A) 
(Equation  5A) 


Condition  2 


Point  load  in  Span  #2    [Ll<g< (L1+L2) ] 

VCA  =  MCA/LI  VCE  = 

VEC  =    (MCE+MEC )/L2  +  (g-Ll)/L2       VEG  = 

VGE  =    Q.IEG+MGE)/L3  VGI  = 

VIG  =    (MGI+MIG)/L4  VIK  = 


- (MCE+MEC) /L2 
-0'EG+MGE)/L3 
-(MGI+MIG)L4 
-MIK/L5 


+   ai+L2-g)/L2 
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by  substitution, 

-RC  =  MCA/LI  -  (MCE+MEC)/L2  +  (Ll+L2-g)/L2  =  RD 
-RE  =  (MCE+MEC)/L2  +  (g-Ll)/L2  -  (MEG+MGE)/L3  =  RF 
-RG  =  (MEG+MGE)/L3  -  (MGI+MIG)/L4  =  RH 
-RI  =  (MGI+MIG)/L4  -  MIK/L5  =  RJ 

so 

-RD  +  (MCE+MEC)/L2  -  MCA/LI  =  (Ll+L2-g)/L2  (Equation  2B) 

-RF  +  (MEG+MGE)/L3  -  (MCE+MEC)/L2  =  (g-Ll)/L2  (Equation  3B) 

-RH  +  (MGI+MIG)/L4  -  (MEG+MGE)/L3  =  0  (Equation  4B) 

-RJ  +  MIK  /L5  -  (MGI+MIG)/L4  =  0  (Equation  5B) 

Condition  3 

Point  load  on  Span  #3  [(Ll+L2)<g<(Ll+L2+L3)] 

VCA  =  MCA/LI  VCE  =-  (MCE+MEC)/L2 

VEC  =  (MEC+MCE)/L2  VEG  =- (MEG+MGE)/L3+(Ll+L2+L3-g)/L3 

VGE  =  (MEG+MGE)/L3+(g-Ll-L2)/L3  VGI  =- (MGI+MIG)/L4 

VIG  =  (MGI+MIG)/L4  VIK  =-  "MIK/L5 

by  substitution, 

-RD  +  (MCE+MEC)/L2  -  MCA/LI  =  0  (Equation  2C) 

-RF  +  (MEG+MGE)/L3  -  (MEC+MCE)/L2  =  (Ll+L2+L3-g)/L3  (Equation  3CJ 

-RH  +  (MGI+MIG)/L4  -  (MEG+MGE)/L3  =  (g-Ll-L2)/L3  (Equation  4C) 

-RJ  +  MIK/L5  -  (MGI+MIG)/L4  =  0  (Equation  5C) 

Condition  4 

Point  load  in  Span  #4  [  (L1+L2+L3) <g<(Ll+L2+L3+L4)] 

VCA  =  MCA/LI  VCE  =  -  (MCE+MEC)/L2 

VEC  =  0IEC+MCE)/L2  VEG  =  -  (MEG+MGE)/L3 

VGE  =  (MEG+MGE)/L3  VGI  =  - (MGI+MIG)/L4+ (Ll+L2+L3+L4-g)/L4 

VIG  =  (MGI+MIG)/L4+(g-Ll-L2-L3)/L4  VIK  =  -MIK/L5 

and 

-RD  +  (MCE+MEC)/L2-MCA/L1  =  0  (Equation  2D) 

-RF  +  (MEG+MGE)/L3-(MEC+MCE)/L2  =  0  (Equation  3D) 

-RH  +  (MGI+MIG)/L4-(MEG+MGE)/L3=(Ll+L2+L3+L4-g)/L4  (Equation  4D) 

-RJ  +  MIK/L5  -  (MGI+MIG)/L4  =  (g-Ll-L2-L3)/L4  (Equation  5D) 

Condition  5 

Load  in  Span  #5  [(Ll+L2+L3+L4)<g<_(Ll+L2+L3+L4+L5)] 

VCA  =  MCA/LI  VCE  =  -  (MCE+MEC)/L2 

VEC  =  (MEC+MCE)/L2  VEG  =  -  (MEG+MGE) /L3 

VGE  =  (MEG+MGE)/L3  VGI  =  -  (MGI+MIG)/L4 

VIG  =  (MIG+MGI)/L4  VIK  =  -MIK/L5  +  (Ll+L2+L3+L4+L5-g)/L5 
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and 

-RD  +  (MCE+MEC)/L2  -  MCA/LI  =  0 

-RF  +  (MEG+MGE)/L3  -  (MEC+MCE)/L2  =  0 

-RH  +  (MGI+MIG)/L4  -  (MEG+MGE)/L3  =  0 

-RJ  +  (MIK)/L5  -  (MGI+MIG)/L4  =  (Ll+L2+L3+L4+L5-g)/L5 


(Equation  2E) 
(Equation  3E) 
(Equation  4E) 
(Equation  5E) 


Since  the  left  sides  of  all  equations  for  RD,  RF,  RH,  and  RJ  are  equal, 
these  equations  can  be  written  in  the  following  form: 

TABLE  OF  REACTION  EQUATIONS 


EQUATION 

Load  in 
Span  #1 

Load  in 
Span  #2 

Load  in 
Span  #3 

Load  in 
Span  #4 

Load  in 
Span  #5 

-RD  +  MCE/L2  +  MEC/L2  -  MCA/LI 

Gl/Ll 

1-G2/L2 

0 

0 

0 

-RF  +  MEG/L3  +  MGE/L3  -  MEC/L2  -  MCE/L2  = 

0 

G2/L2 

1-G3/L3 

0 

0 

-RH  +  MGI/L4  +  MIG/L4  -  MEG/L3  -  MGE/L3  = 

0 

0 

G3/L3 

1-G4/L4 

0 

-RJ  +  MIK/L5  -  MGI/L4  -  MIG/L4 

0 

0 

0 

G4/L4 

1-G5/L5 

Where  Gl,  G2,  G3,  G4,  and  G5  are  distances  from  the  left  ends  of  the  respective  spans 
(1,  2,  3,  4,  and  5)  to  the  point  load. 


A  horizontal  displacement  of  joint  A  will  cause  corresponding  displacements 
of  joints  C,  E,  G,  I  and  K  (See  Figure  32).  Ignoring  the  secondary  displace- 
ment due  to  rotation,  the  displacements  are: 


and 


Al  = 

A  Ctnai 

A2  = 

A  (Ctnai  +  Ctna 2) 

A3  = 

A  (Ctna 2  +  Ctna 3) 

A4  = 

A  (Ctna  3  +  Ctnai+) 

A5  = 

A  Ctna4 

A8  = 

A  /Sinai 

A9  = 

A  /Sina2 

A10  = 

A  /Sina3 

Al  l  = 

A  /Sinat+ 

PI  = 

Ai/Li  =  a  Ctnai/Li 

P2  = 

A2/L2  =  A  (Ctnai+Ctna2)/L2 

P3  = 

A3/L3  =  A  (Ctna2+Ctna3)/L3 

p4  = 

At+/L4  =  A  (Ctna3+Ctnai+)/Li+ 

P5  = 

A5/L5  =  A  Ctna^/Ls 

P8  = 

A8/L8  =  A  /((Sinai)L8) 

P9  = 

A9/L9  =  A  /((Sina2)Lg) 

p  1  0  = 

Aio/LlO=A  /((Sina3)Lio) 

P  1  1  = 

Aii/Ln=A  /((Sinait)Lii) 

(Equation  6) 
(Equation  7) 
(Equation  8) 
(Equation  °) 
(Equation  in) 
(Equation  11) 
(Equation  12) 
(Equation  13) 
(Equation  14) 
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Writing  slope-deflection  equations  for  the  srans: 


1 

1 

-  MAC 

= 

FAC 

-  KACxGA 

1 

2' 

-  MCA 

= 

FCA 

-  KCAx6C 

1 

3 

-  MCE 

= 

FCE 

-  KCExGC 

1 

4 

-  MEC 

= 

FEC 

-  KECxGE 

1 

5 

-  MEG 

= 

Peg 

-  KEGxGE 

1 

6 

-  MGE 

= 

FGE 

-  KGExGG 

1 

7 

/ 

-  MGI 

= 

FGI 

-  KGIxGG 

1 

8 

-  MIG 

= 

FIG 

-  KlGxOI 

1 

9 

-  MIK 

= 

FIK 

-  KlKxOI 

1 

10 

-  MKI 

= 

FKI 

-  KKIxeK 

1 

11 

-  MCD 

= 

FCD 

-  KCDxec 

1 

12 

-  MDC 

= 

FDC 

-  KDCxGD 

1 

13 

-  MEF 

= 

FEF 

-  KEFxGE 

1 

14 

-  MFE 

= 

FFE 

-  KFEx6F 

1 

15 

-  MGH 

= 

FGH 

-  KGHxGG 

1 

16 

-  MHG 

= 

FHG 

-  KHGx9H 

1 

17 

-  MIJ 

= 

FIJ 

-  KlJxbl 

1 

18 

-  MJI 

.= 

F  J  I 

-  KJIxGJ 

CCAxKCAxGC  -  pi 
CACxKACxeA  -  pi 
CECxKECxeE  ♦  p2 
CCExKCExGC  ♦  p2 
CGExKGEx9G  -  p3 
CEGxKEGxGE  -  p3 
ClGxKlGxei  +  p4 
CGIxKGIx6G  +  p4 
CKIxKKIxGK  -  p5 
ClKxKlKxGI  -  p5 
CDCxKDCxGD  -  p8 
CCDxKCDxeC  -  p8 
CFExKFEx6F  -  p9 
CEFx KEFxGE  -  p9 
CHGxKHGxGH  -  plO 
CGHxKGHxGG  -  plO 
CJIxKJlxGJ  -  pll 
CIJxKIJExGI   -   pll 


Writing  condition  equations: 


2.1 

2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 


MCD 
MEF 
MGH 
MIJ 
MAC 
MDC 
MFE 
MHG 
MJI 


2.10  MKI  = 


(MCA 
(MEC 
(MGE 
(MIG 


MCE) 
MEG) 
MGI) 
MIK) 


(KAC+CCAvKCA) 
(KCA±CACXKAC) 
(KCE+CECxKEC) 
(KEC+CCExKCE) 
(KEG+CGExKGE) 

(kge+cegxKeg) 

(KGI+CIGxKIG) 
(KlG+CGIxKGI) 
(KlK+CKIxKKI) 
(KKI+CIKxKIK) 
(KCD+CDCxKDC) 
(KDC+CCDxKCD) 
(KEF+CFExKFE) 
(KFE+CEFxKEF) 
(KGH+CHGxKHG) 
(KHG+CGHxKGH) 
(KU+CJIxKJI) 
(KJI+CUxKU) 


Identities  to  be  used 


3.1  SAC 

3.2  SCE 

3.3  SEG 
3.4!SGI 

3.5  SIK 

3.6  SCD 

3.7  SEF 

3.8  SGH 

3.9  SIJ 


CAQxKAC 
CCExKCE 
CEGxKEG 
CGlxKGI 
ClKxKlK 
CCDxKCD 
CEFx  KEF 
CGHX  KGH 
CIJxKU 


CCAxKCA 
CECxKEC 
CGE35KGE 
ClGxKIG 
CIIxKKI 
CDCxKDC 
CFExKFE 
CHGxKHG 
CJIxKJI 


Substituting  equations  2.1  thru  2.10,  3.1  thru  3.9  and  6  thru  14  into 
equations  1.1  thru  1.18,  we  get  the  equations  show  in  matrix  form  in 
Figure  37,  page  66. 

DC501A,  Influence  Lines  (Statical  Moments) 
DC501D,  Influence  bines  (End  Moments,  Slant  beg) 

The  end  influence  lines  are  derived  by  multiplying  the  inverse  matrix  by 
the  fixed  end  moments  of  point  loads  at  each  tenth  point  of  each  span. 


MI  =  FEM(b)  x  A(I,b)  +  FEM(R)  x  A(I,R) 


IVhere 
MI 
FBI  (LI 
FEMfR) 
A(I,b) 
A(I,R) 


End  moment  at  I 

Fixed  end  moment  at  left  end  of  span 
Fixed  end  moment  at  right  end  of  span 
Coefficient  of  matrix  for  left  moment 
Coefficient  of  matrix  for  right  moment 
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The  shears  and  statical  moments  are  calculated  by  two  different  routines, 
One  routine  is  when  the  span  is  loaded,  Figure  38,  and  the  other  when 
the  span  is  unloaded,  Figure  39.  The  equations  ror  the  cases  are  as 
shown  below: 


ML 


( 


1 


VL 


LR(SR) 


statical  loading 

for  loaded  span 

Fisuire   38 


AlR        ML^"r 


VR 


VL 


A 


LR(SR) 


STAT  T  CAT  LOADING 
FOR  UNLOADED  SPA-.' 
Pi  ciure  3° 


i) 


MR 

VR 


in  =  (ML  +  MR) 

LR(SR) 

VR  =  -VL 

SMX  =  VL(X)SR  -  ML 


yr  =  (LR-g)P  +  ML  +  MR 

LR(SR) 

VR  =  P  -  VL 

When  X  <_  g 

SMX  =  VL(X)SR  -  ML 

When  X  >  g 

SMX  =  VL(X)SR  -  ML  -  P(X-g)SR 

Where 

LR  =  Relative  span  length 

SR  =  Actual  span  length  divided  by  relative  span  length 

VR  =  Shear 

SM  =  Statical  Moment 

DC511,  Influence  Areas.  The  areas  are  found  by  using  the  trapezoidal 
rule  with  increments  of  tenths. 


ft)  yi  y2  Xj  Xu  y5  v 


10   10   10   10   10   10   10   10  10 


LR(SR)«4 

TYPICAL  AREA  CONDITION  FOR  ONE  SPAN 
Figure  40 

Dividing  the  plane  area  into  10  strips  with  equidistant  parallel  lines 
Vq,  y-p  .  .  y   and  with  LR(SR)/10  the  distance  between  them,  then: 


Area 


LR(SR) 


\  (y0  +  y10)  +  (xi  ♦  V2  +  y3  +  y4  +  y5  +  y6  +  y7  +  y*  +  y9) 


For  influence  lines,  LR  =  1. 
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3.1.3  Description  of  Input.  Description  of  input  is  given  below  for 
the  data  code  numbers  and  entries  that  are  required  to  execute  the 
analysis  routine. 

The  "Work  Code"  entry  is  made  only  once.  The  "DC"  tells  the  computer 
that  it  is  a  "superstructure  design"  program. 

The  "Data  Code"  is  the  name  given  to  the  heading  for  types  of  input. 
Cards  with  data  codes  100  thru  110,  121  thru  124,  and  131  thru  134 
must  be  grouped  together  by  spans;  i.e.,  the  cards  for  span  number  one 
must  have  all  of  the  100  thru  110,  121  thru  124,  and  131  thru  134  cards 
listed  in  sequence.  However,  any  card  not  needed  in  the  sequence  may 
be  omitted. 

Cards  with  data  codes  111  thru  115  must  also  be  listed  in  sequence, 
while  any  card  not  needed  may  be  omitted. 

a.  Data  Code  001  calls  for  entries  as  explained  below. 

Entry  #1  asks  for  the  type  of  output  desired.  By  placing  the 
number  "1"  in  the  proper  space,  you  may  request: 

(1)  Influence  Lines 

(2)  Equations  of  Indeterminacy 

(3)  Beam  Characteristics 

(4)  Beam  Properties 

(5)  Shear  Influence  Lines 

\o\    ~\  Mien  a  particular  output  is  not  wanted,  enter  a  "0"  in  that 
space. 

Entry  #2  asks  for  the  number  of  continuous  spans  in  the  structure, 
Counting  spans  is  generally  very  straightforward;  however,  for 
the  sake  of  clarity,  each  type  of  structure  is  discussed  now. 

(1)  Piers  and  Abutments:   (Transverse  to  bridge  centerline). 
Count  each  span  from  centerline  to  centerline  on  the  cap 
and  the  supports  as  an  accumulating  count  of  ones.  The  cap, 
of  course,  is  counted  only  if  the  supports  are  fixed  to  it. 

(2)  Continuous  Spans:   (Longitudinal  to  bridge  centerline). 
Count  each  continuous  span  and  each  fixed  pier  and/or  abut- 
ment as  an  accumulating  count  of  ones.  Disregard  whether 
piers  and  abutments  are  fixed  at  the  bottom. 

(3)  Box  Culverts:   (Transverse  to  culvert  centerline). 
Count  each  vertical  and  horizontal  fixed  span  as  an  accumu- 
lating count  of  ones. 

Entry  #3  asks  for  the  number  of  typical  cross  sections  in  the 
structure.  In  any  span  you  have  to  consider  each  marked  or 
major  change  in  a  horizontal  or  vertical  dimension  listed  as 
a  separate  cross  section.  However,  once  a  typical  cross  section 
has  been  counted,  it  will  represent  every  other  cross  section 
that  is  the  same,  and  is  given  a  unique  code  number  from  one 


58 


thru  ten.  An  accumulating  count  of  ones  is  then  made  to  determine 
all  of  the  unlike  typical  cross  sections  for  a  total.  Circular 
or  round  sections  are  not  counted.  Those  sections  that  are 
described  by  use  of  their  moments  of  inertia  will  be  discussed 
later. 

Entry  #4  asks  which  structure  layout  is  being  used  as  a  pattern 
for  the  structure.  Put  a  number  in  this  entrv  to  select  the 
one  wanted. 

0  =  Cell  Type  Layout 

9  =  Continuous  Type  Layout 

10  =  Slant  Leg  Layout  (3  Span) 

11  =  Slant  Leg  Layout  (5  Span) 

Cell  nine  is  used  only  for  structures  of  more  than  six  continuous 
spans. 

b.  Data  Code  100  defines  the  tenth  points  of  the  span  at  which 
the  analysis  is  desired.  Maximum  number  of  points  per  span  is 
eleven,  with  the  total  number  that  may  be  asked  for  being  209. 
If  this  card  is  not  entered,  all  tenth  points  will  be  analyzed. 
The  center  of  span  number  two  (the  2.5  point)  is  entered  as  205. 
When  more  than  six  points  are  desired,  code  subsequent  100  cards. 

c.  Data  Code  101  defines  general  span  data. 

Entry  #1  is  the  number  of  this  span.  All  numbering  of  spans 
must  be  patterned  after  one  of  the  structure  layouts.  Span 
number  one  of  the  structure  must  be  the  same  as  span  number  one 
of  one  of  the  structure  layout  types.  Since  every  span  of  the 
structure  must  be  described,  a  data  code  101  card  is  required 
for  each  span. 

Entry  #2  is  the  length  of  the  span  measured  along  the  member 
from  centerline  to  centerline  of  bearing,  in  feet. 

Entry  #3  defines  web  range  no.  1.  The  distance,  in  feet,  to 
the  first  major  change  in  the  web  depth  going  from  the  centerline 
of  bearing  along  the  member  in  a  left  to  right  direction  is  "web 
range  no.  1". 

A  variation  of  this  entry  is  the  option  to  describe  the  member 
in  terms  of  the  moment  of  inertia.  The  moment  of  inertia,  in 
inches4,  entered  will  be  used  in  all  sections  of  this  snan 
(Entry  #5).   It  may  be  helpful  to  code  Entry  #5  before  coding 
Entry  #3. 

Entry  #4  defines  web  range  no.  2.  The  distance,  in  feet,  to 
the  second  major  change  in  the  web  depth  going  from  the  centerline 
of  bearing  along  the  member  in  a  left  to  right  direction  is  "web 
range  no.  2". 

Entry  #5  is  the  typical  web  case  number.  Five  typical  web  cases 
are  available  to  choose  from  in  describing  a  member.  List  one 
of  these  cases  (Figure  44) . 


Case  0  =  If  moment  of  inertia  was  placed  in  Entry  #3. 

Case  1  =  Constant  linear  variation  (or  constant  depth) . 

Case  2  =  Linear  varying  to  constant  depth  to  linear  varying. 

Case  3  =  Parabolic  varying  to  constant  deDth  to  parabolic 
varying . 

Case  4  =  Variable  section  described  by  moments  of  inertia. 
21  moments  of  inertia  will  be  entered  (if  "section 
design"  is  desired,  21  distances  to  centroid  must 
also  be  entered).   See  data  cards  121-124  and  131-134, 

Case  5  =  One  to  four  immediate  depth  breaks. 

Entry  #6  asks  for  the  web  depth  at  the  left  end.  This  depth  is 
the  distance  between  flanges  or  the  height  of  a  beam  ivithout 
flanges  on  the  left  end  of  a  member  at  centerline  of  support, 
in  inches.   (Pj) 

d.  Data  Code  102  is  the  continuation  of  101  data. 

Entry  #1  asks  for  the  web  depth  at  the  right  end.  This  depth 
is  the  distance  between  flanges  or  the  height  of  a  beam  without 
flanges  on  the  right  end  of  a  member  at  centerline  of  sunport, 
in  inches.   (D2) 

Entry  #2  defines  the  web  depth  at  right  end  of  left  haunch  or 
left  end  of  right  haunch.  Three  types  of  members  require  this 
entry;  they  are  typical  web  case  numbers  two,  three  and  five. 
The  depth  is  the  distance  between  flanges  or  the  height  of  a 
beam  without  flanges  at  the  centerline  of  a  member,  in  inches. 
(D3) 

e.  Data  Code  103  thru  108.  May  call  for  a  maximum  of  18  cross 
section  range  entries  and  18  cross  section  case  entries  per  span. 

Entries  #1,  #3  and  #5  define  the  cross  section  range  no.  XX. 
These  entries  are  the  distances  from  centerline  of  bearing, 
going  from  left  to  right  on  the  span,  to  each  major  change  in 
the  span  cross  section  (excluding  web  depth),  in  feet. 

The  dimensions  for  web  thickness,  top  flange  width  and  thickness, 
and  bottom  flange  width  and  thickness  are  calculated  as  uniformly 
varying  between  each  cross  section  over  the  range  specified.   It 
may  be  seen  that  if  a  range  is  such  that  it  does  not  include  a 
twentieth  point  of  the  span,  the  effect  approximates  an  immediate 
section  change. 

Entries  #2,  #4  and  #6  are  the  respective  cross  section  code 
numbers  for  the  cross  section  ranges  defined  in  the  previous 
entries.  When  the  designer  first  begins  coding  his  program 
form,  he  should  list  all  of  his  typical  span  cross  sections  and 
number  them  in  order.  Once  a  cross  section  has  been  described 
(111  thru  113  cards)  and  numbered,  it  may  be  reused  anytime  by 
simply  listing  its  number.  A  total  of  ten  typical  span  cross 
sections  are  allowed  for  each  structure.  If  a  circular  section 
is  desired,  this  code  number  will  be  "11". 
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f.  Data  Code  109  and  110.  These  cards  are  required  only  for 
slant  leg  structures  and  ask  for  the  amounts  of  inclination  of 
the  legs.  All  inclinations  are  input  as  angles  in  degrees 
and  decimals  of  degrees. 

Entries  #1  thru  #6  of  the  109  card  and  Entry  #1  of  the  110  card 
are  angles  61  thru  67.  Entries  #2  and  #5  of  the  109  card  are 
also  used  for  angles  al  thru  a4.   (Figures  41  and  42) 

g.  Data  Code  111  thru  115.  These  cards  are  used  to  define  a 
typical  cross  section  case  (Figure  45).  Once  a  typical  cross 
section  case  has  been  described,  it  does  not  have  to  be  described 
again,  but  may  be  reused  by  listing  its  number.  All  typical 
cross  sections  to  be  used,  however,  must  be  described.  The 
cross  section  code  for  circular  sections  need  not  be  entered 

on  these  cards.  All  dimensions  are  in  inches. 

It  may  be  noted  here  that  all  dimensions  except  fillets  will 
vary  uniformly  between  any  two  typical  sections. 

h.  Data  Code  121  thru  124.  Moments  of  inertia  for  twentieth 
points  of  a  span  are  entered  on  these  cards,  in  inches4.  Entries 
are  explained  on  pages  77  and  78. 

The  moments  of  inertia  cannot  be  used  when  rating  a  structure, 
but  may  be  used  for  a  design  or  review  when  the  "Girder  Section 
Design  and  Review"  routine  will  not  be  run. 

i.  Data  Code  131  thru  134.  Distance  from  the  bottom  of  the 
beam  to  the  centroid  of  the  area  (Figure  45)  of  each  twentieth 
point  section  is  entered  on  these  cards.  These  cards  are  re- 
quired only  if  121  thru  124  cards  are  entered  for  the  span  and 
the  "Girder  Section  Design  and  Review"  routine  is  to  be  run 
following  the  "Structural  Loading"  routine.  Entries  are  explained 
on  pages  78  and  79. 

j.  Data  Code  401  and  402.  These  two  cards  are  used  when  there 
are  joints  that  the  designer  wishes  to  fix.  Ry  "fix",  it  is 
meant  that  no  rotation  of  a  joint  is  allowed  and  no  moment 
that  enters  a  joint  is  carried  back  to  the  other  end  of  the 
span. 

To  fix  a  joint,  the  number  of  the  span  to  the  right  of  the  joint 
is  entered.  Thus,  to  fix  joint  "C",  the  span  number  "2"  would 
be  entered;  joint  "F",  enter  span  number  "16";  joint  "N",  enter 
span  number  "20"  (Figure  41). 

The  maximum  number  of  joints  that  may  be  fixed  is  seven.  Span 
numbers  1  thru  13  are  valid  when  fixing  a  joint.  At  any  joint, 
only  one  span  may  frame  into  that  joint. 

Pages  73  thru  81  are  prepared  as  summaries  of  the  description 
of  input.  Each  type  of  input  card  is  portrayed  with  its 
corresponding  entries  and  what  they  represent. 

Further  information  on  developing  sections  for  designing  and 
review  can  be  found  in  the  description  of  input  for  "Girder 
Section  Design  and  Review",  pages  119  and  120. 
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3.1.4  Description  of  Output.  The  output  consists  of  the  following 
reports : 

a.  Beam  Properties 

b.  Beam  Characteristics 

c.  Indeterminate  Coefficients 

d.  Influence  Lines 

Beam  properties  and  beam  characteristics  may  be  printed  out  as  separate 
reports  or  may  be  combined  into  one  report  per  span,  as  asked  for. 

Indeterminate  coefficients  are  a  group  of  values  that  allow  a  designer 
to  distribute  moments  in  his  structure  without  the  time-consuming  labor 
of  moment  distribution. 

The  influence  lines  come  with  fully  documented  arrays  of  coefficients. 
The  influence  lines  for  shear  and  moments  for  the  left  half  of  the 
span  are  printed  first  and  then  those  for  the  right  half  are  printed. 

As  output,  reactions  and  shears  are  always  perpendicular  to  the  member. 
Figure  50  indicates  their  relative  positions  on  each  member  type. 


Span  #1 


Span  #2 


R9.0 


P3.0 


POSITIONING  OF  REACTIONS 
Figure  50 


R16.0 


On  slant  leg  structures,  reactions  9.0  and  10.0  do  not  represent 
horizontal  forces,  except  in  the  special  case  where  ai=a2=a3=ai+=90° . 
Therefore,  one  must  use  a  free  body  diagram  to  calculate  HD,  HF,  HH, 
and  HJ.   It  can  be  shown  that: 

HD  =  V9.0L  (Sinai +Cos2ai)  +  RD  Coscti 
Sinai       Sinaf 

Where  RD  =  R2.0  +  weight  of  Span  #8. 

HF  =  V10.0L  (Sina2+Cos2a2)  -  RF  Cosa2 
Sina2       Sina2 
Where  RF  =  R3.0  +  weight  of  Span  #9. 

HH  =  V11.0L  (Sina3+Cos2a3)  ■+  RH  Cosa3 
Sina3       Sina  3 

Where  RH  =  R4.0  +  weight  of  Span  #10. 
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I  IT  =  V12.0L  (Sinau+CosfoV)  -  RJ  Cosa^ 
Sihak       Sinau 


Where  RJ  I  =  R5.0  +  weight  of  Span  #11, 


When  a  horizontal  force  is  applied  to  a  slant  leg  structure,  one  must 
remember  the  the  influence  line  coefficients  are  for  loads  perpendicular 
to  the  leg.  The  horizontal  force  desired  must,  therefore,  be  resolved 
into  components.  Figure  51  depicts  the  application  of  a  horizontal 
force  at  a  distance  "X"  on  Span  #8. 


V=v(X) 


A   Span  n 


Loading  Components 


V=-v(l.-X) 


And  M8.0  Right  =  P(Coof8.X)-V(Coef2.ni 


P=H/  Sinai 


Pseudo  Loading 


HORIZONTAL  FORCE  DETERMINATION 
Figure  51 
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3.2  Structural  Loading 

3.2.1  General  Information.  This  group  of  programs  take  the  influence 
lines  created  by  the  "Structural  Analysis"  subsystem  and  the  loadings 
specified  by  the  designer  and  calculates  the  moments,  shears,  reactions 
and  deflections  for  each  tenth  point  of  each  top  span. 

The  loadings  arc  of  two  types,  the  first  being  static  loading,  where 
the  magnitude  and  position  of  the  load  is  entered  by  the  designer. 
Static  loading  may  be  either  uniform  in  nature  or  point  loads. 

.  The  second  type  of  loading  is  live  loading,  where  only  the  magnitude 
and  spacing  of  the  load  is  given  by  the  designer.  Live  loads  consist 
of  point  loads  at  a  specified  distance  apart  or  uniform  loading  with 
a  point  load.  The  American  Association  of  State  Highway  Officials 
(AASIIO)  type  loading  may  easily  be  duplicated  and  the  military  loading 
is  preset  and  only  needs  to  be  asked  for. 

There  are  basically  five  types  of  output  and  they  are: 

a.  Static  load  moments,  shears  and  reactions. 

b.  Live  load  moments,  shears  and  reactions. 

c.  Deflections  due  to  static  and  live  loads. 

d.  Influence  lines  for  deflections. 

e.  Maximum  positive  and  negative  moments,  shears,  reactions 
and  deflections. 

It  is  possible  to  request  any  or  all  of  these  reports  on  any  given 
computer  run. 

Ranges  and  restrictions  are: 

a.  Maximum  number  of  superimposed  static  point  loads  is  72. 
These  loads  must  be  entered  in  the  order  they  appear  from  the 
first  support  of  the  structure. 

b.  Maximum  number  of  superimposed  static  uniform  loads  per 
span  is  one. 

c.  No  restrictions  on  span  lengths. 

d.  Maximum  number  of  truck  wheel  loads  is  24. 

e.  Minimum  number  of  truck  wheel  loads  is  one. 

f.  Maximum  number  of  uniform  lane  loads  is  one  per  structure. 

g.  Maximum  number  of  point  loads  for  positive  moment  lane  loading 
is  one. 

h.  Maximum  number  of  point  loads  for  negative  moment  lane  loading 
is  two.   (These  two  point  loads  must  not  both  be  in  the  same  span.) 

i.  Distance  between  front  and  center  truck  wheels  for  an  AASHO 
HS  loading  is  fixed  at  the  spacing  specified. 
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j .  Distance  between  center  and  rear  truck  wheel  for  an  AASHD 
HS  loading  may  vary.  There  is  no  program  restriction  as  to 
the  maximum  and  minimum  rear  wheel  spacing. 

k.  There  are  no  restrictions  on  wheel  spacings  for  the  general 
vehicle  (maximum  of  24  truck  wheel  loads) . 

1.  All  ranges  and  restrictions  for  the  "Structural  Analysis"  sub- 
system apply. 

m.  When  deflections  are  calculated  by  "Card  Input",  deflections 
may  be  solved  for  only  one  span  at  a  time. 

3.2.2  Mathematical  Equations  and  Derivations.  Deflections.  The 
deflections  computed  are  those  resulting  from  flexural  strains.3 

Data  that  is  input  consists  of  influence  lines  for  moment  at  each  tenth 
point  of  each  span,  moments  of  inertia  for  each  twentieth  point  of 
each  span,  dead  load  moments  and  the  modulus  of  elasticity  of  the  girder 
material. 

The  basic  formula  is  for  the  internal  virtual  work  resulting  from  flexural 
strains. 


Ay  = 


Mxz  (nocy)  dx 


(Equation  1) 


Where  Mxz  =  moment  at  x  due  to  a  unit  real  load  at  z 

dx  =  increment  of  the  span  length 

E  =  modulus  of  elasticity  of  the  material 

Ix  =  moment  of  inertia  of  the  cross  section  at  x 

mxy  =  moment  at  x  due  to  a  unit  fictitious  load  at  y  (simple 
beam  moment) 

Figure  52  depicts  the  loading  conditions  for  the  derivation  of  the 
influence  lines  for  a  point  load  deflection . 

o    •— i      CM     ro      j-lOlO      r^cocn      o     .— i 

■— I  CM   CO   J-   LO    l£)         t^-CD    CP    •-H  i— I   i— I   i— I    i— I   rH   f-H    . — I   t— (   •— I    CMCM 

e  e  e  e  e  e  e  e  e  e  e  e  e  e  e  e  e  e  e  e  e 


dx-1/20. 


Moment  -  Unit  Fictitious  Load 


Moment  -  Unit  Real 
Load 


CM   CO   J-   ^ 


3Ibid,  page  104 


Moments  of  Inertia 
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DEFLECTION 
DIAGRAM  - 
POINT 
LOAD 
Figure  52 


Using  equation  1  and  numerical  integration, 

x=21 

Mxz(mxy)dx 

ay  z,   ~~~vj  : 

x=l     x 


(Equation  2) 


and  the  influence  line  for  deflection  at  point  x  is  built  by  incrementing 
through  the  influence  lines  for  Mxz  with  the  same  line  mxy. 

Deflections  for  a  unit  moment  at  each  end  of  the  span  use  the  same 
equation  (Equation  2)  that  was  used  for  point  loads.  The  only  difference 
is  in  Mxz,  as  shown  in  Figure  53. 
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DEFLECTION  DIAGRAM  -  EM)  MOMENT 
Figure  53 

Calculations  for  dead  load  deflections  are  the  same  as  for  other 
deflections,  with  Mxz  being  the  actual  dead  load  moment  for  the  span. 

Live  Loading  for  Deflections.  Point  load  deflection  influence  lines 
are  loaded  by  positioning  the  various  wheel  loads  and  their  associated 
wheel  spacings  in  such  a  manner  as  to  create  the  maximum  deflection. 


(Load  for  Moment) 


Uniform  Lane  Load 


LANE  LOAD 
Figure  54 

Lane  loading  uses  three  different  influence  lines  to  solve  for  the 
maximum  deflection  of  a  point. 

Moment  influence  lines  are  loaded  with  uniform  loads  on  every  other 
span  away  from  the  span  that  the  deflection  being  solved  for  lies  in. 
This  produces  end  moments  for  the  right  and  left  ends  of  the  span. 
These  end  moments  are  converted  to  deflections  by  multiplying  by  the 
unit  moment  coefficients  for  each  end. 
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The  span  in  which  the  deflection  point  lies  is  loaded  with  a  simulated 
uniform  load,  which  is  hroken  into  ten  point  loads.  These  tenth  point 
loads  and  the  concentrated  load  for  moment  are  placed  on  t^e  point  load 
deflection  influence  lines  in  order  to  create  the  greatest  deflection 
due  to  lane  loading.   (See  Figure  54  for  orientation  of  lane  loading 
for  deflection  at  the  2.5  point  of  a  four  span  hridge). 

Live  Load  Moments,  Shear  and  Reactions.  Live  load  moments,  shears 
and  reactions  are  computed  by  loading  the  appropriate  influence  lines 
with  the  various  loading  conditions  in  such  a  manner  as  to  obtain  the 
maximum  positive  and  negative  values  for  each  defined  point  on  the 
structure.  Since  the  influence  lines,  and  their  areas,  have  already 
been  computed  and  stored  on  disk,  the  following  derivations  will  consist 
of  methods  of  loading  influence  lines  to  obtain  maximum  values. 


Area  1 


Greatest  positive 
moment  coeff.  (GPU) 


Greatest  negative 
moment  coeff.  (GNM) 


INFLUENCE  LINE  FOR  MOMENT  AT  B 
FIGURE  55 


Greatest  positive 
shear  coeff.  (GPV) 


Area  6(A6) 


Area  4 


Greatest  negative 
shear  coeff.  (GNV) 


INFLUENCE  LINE  FOR  SHEAR  AT  B  (Left) 
FIGURE  56 
Derivation  of  Live  Loading  Equations 


GPC 


Up  Milepost 


SPAN  2 

TYPICAL  INFLUENCE  LINE 
Figure  57 


SPAN  4 


Where 

RSL   =  reference  span  length  =  span  1 

PAREA  =  total  positive  area  under  line  =  .AREA  1  +  .AREA  3 

NAREA  =:  total  negative  area  under  line  =  AREA  2  +  AREA  4 

GPC 

GNC 

NGPC 


NGNC 


=  greatest  positive  coefficient  on  line 
=  greatest  negative  coefficient  on  line 
=  next  greatest  positive  coefficient  in  a  span  other  than  that 

Which  GPC  is  in 
=  next  greatest  negative  coefficient  in  a  span  other  than  that 

which  GNC  is  in 


As  an  example  of  live  loading  techniques,  an  influence  line  for  a  four 
span  bridge  and  the  moment  at  the  1.4  point  has  been  chosen,  as  it 
best  represents  the  loading  principles.  Other  lines  for  other  points, 
shears,  or  reactions  are  only  minor  variations  from  this  principle. 
Therefore,  all  further  reference  to  an  influence  line  will  be  made  to 
Figure  57.  The  live  loading  truck  load  configurations  are  represented 
in  Figures  58  thru  62. 


PM 


PM 


or 


J Lrw 


<m  «« 


SPAN  2. 


J\NE  LOAD  CONFIGURATION 
Figure  58 


SPAV  3 


-►*■ 


IVhere 

W  =  uniform  lane  load 

PV  =  concentrated  load  for  shear 

PM  =  concentrated  load  for  moment 
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P(3) 


S(4) 


P(2) 


S(2) 
•■  P(l) 

£ i_ 


S(5) 


Up  Milepost 


ilS  TRUCK  LOAD  CONFIGURATION   [GOING  UP  MILEPOST) 
Figure   59 


Where 

P(D  = 
P(2)  = 
P(3)  = 

S(l)  : 
S(2)  = 
S(3)  = 
S(4)  ■ 
S(5)  : 


concentrated  load,  front  truck  wheel 

concentrated  load,  center  truck  wheel 

concentrated  load,  rear  truck  wheel 

wheel  spacing  hetween  P(l)  and  P(2) 

wheel  spacing  between  P(2)  and  P(3) 

minimum  spacing  between  P(2)  and  P(3) 

maximum  spacing  between  P(2)  and  P(3) 

distance  from  P(l)  to  the  centroid  of  all  wheel  loads 


PC 


P(3) 


si*L 


s(D 


S(3) 


P(l) 


Up  Milepost 


1151 


Where 


US  TRUCK  LOAD  CONFIGURATION  [GOING  DOWN  MILEPOST) 
Figure  60 


P(l)  =  concentrated  load,  rear  truck  wheel 

P(2)  =  concentrated  load,  center  truck  wheel 

P(3)  =  concentrated  load,  front  truck  wheel 

S(l)  =  wheel  spacing  between  P(l)  and  P(2) 

S(2)  =  wheel  spacing  between  P(2)  and  P(3) 

S(3)  =  minimum  spacing  between  P(l)  and  P(2) 

S(4)  =  maximum  spacing  between  P(l)  and  P(2) 

S(S)  =  distance  from  P(l)  to  the  centroid  of  all  wheel  loads 
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Up  Milepost 


P(N-l) 


P(4) 


P(N) 


^ 


P(3)  P(2)   P(l) 


..S(5)Js(2;|  S(l^ 

! LJ ][ 


1M 


SPl-CIAL  TRUCK  LOAD  CONFIGURATION  [GOING  UP  MILEPOST] 

Figure  61 

Where 

P(l)  =  concentrated  load,  front  truck  wheel 

P(N)  =  concentrated  load,  rear  truck  wheel 

N  =  number  of  truck  wheel  loads,  between  1  and  24 

S(l)  =  wheel  spacing  between  front  and  second  wheel 

S(N-l)  =  wheel  spacing  between  next  to  last  and  rear  wheel 

S(N)  =  distance  from  P(l)  to  the  centroid  of  all  wheel  loads 


Up  Milepost 


P(N)   P(N-l)  P(4)   P(3) 


S(3) 


P(2) 


S(2) 


P(l) 


S(D 


SfN) 


SPF.CIAL  TRUCK  TDM)  CONFIGURATION    fGOING  noi\N  MTLFPOST) 

Figure  62 

IVhere 

P(l)  =  concentrated  load,  rear  truck  wheel 

P(N)  =  concentrated  load,  front  truck  wheel 

N    =  number  of  truck  wheel  loads,  between  1  and  24 

S(l)  =  wheel  spacing  between  next  to  last  and  rear  wheel 

S(N-l)=whcel  spacing  between  front  and  second  wheel 

S(N)  =  distance  from  P(l)  to  the  centroid  of  all  wheel  loads 
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Lane  loading  equations  are  as  follows: 
IVhere 


MPM  = 
MNM  = 
MPV  = 
MNV  = 
MPR  = 
MNR  = 
WFR  = 

Then, 


maximum  positive 
maximum  negative 
maximum  positive 
maximum  negative 
maximum  positive 
maximum  negative 
wheel  fraction 


moment 

moment 

shear 

shear 

reaction 

reaction 


MPM  =  [ (PAREA)  (W) (RSL) 2+ (PM) (GPC) (RSL) ] (IMPACT) (WFR) 

MNM  =  [  CNAREA)  (W)  (RSL)  2+  (PM)  (GNC+NGNC)  (RSL)  ]  (IMPACT)  (WFR) 

MPV  =  [  (PAREA)  (W)  (RSL)  +  (PV)  (GPC)  ]  (IMPACT)  (WFR) 

MNV  =  [  (NAREA)  (W)  (RSL)  +  (PV)  (GNC)  ]  (IMPACT)  (WFR) 

MPR  =  [ (PAREA)  (W) (RSL)  +  (PV) (GPC) ] (IMPACT) (WFR) 

MNR  =  [  (NAREA)  (W)  (RSL)+  (PV)  (GNC)  ]  (IMPACT)  (WFR) 

HS  or  special  truck  loading  equations  are  as  follows: 

Where 


SAVE  (K) 


K 

GPSUM 
GNSUM 


array  to  save  values  of  the  summation  of  the  P  values  times 

their  respective  influence  line  coefficients  due  to  the 

location  of  the  loads 

number  of  positions  a  truck  is  placed  on  in  order  to  obtain 

a  maximum  loading  =  4(N+1) 

greatest  positive  sum  of  P  loads  times  coefficients 

greatest  negative  sum  of  P  loads  times  coefficients 


Following  is  the  sequence  of  steps  for  placing  each  truck  loading  on 
each  influence  line: 

a.  P(l)  is  placed  over  GPC. 

b.  P(l)  and  all  other  wheel  loads  are  multiplied  by  the  respec- 
tive interpolated1  influence  line  coefficients  under  the  wheel 
loads. 

c.  The  summation  of  loads  times  coefficients  is  set  equal  to 
"  SAVE(K). 

d.  P(2)  is  placed  over  GPC  and  steps  two  and  three  are  repeated. 

e.  All  P  loads  up  thru  P(N)  repeat  steps  one,  two  and  three. 

f .  The  centroid  of  the  loading  group  is  then  placed  over  GPC 
and  steps  two  and  three  are  repeated. 

g.  Steps  one  thru  six  are  then  repeated  for  GNC,  NGPC,  and  NGNC. 
h.  Array  SAVE(K)  is  then  searched  and  the  greatest  positive 

and  negative  values  are  set  equal  to  GPSUM  and  GNSUM  respectively, 

Then, 

MPM  =  (GPSUM)  (RSL)  (IMPACT)  (WFR)    MNV  =  (GNSUM)  (IMPACT)  (WFR) 


"^11  interpolation  is  straight  line  interpolation  between  tenth  points 
on  the  influence  line. 
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MNM  =  (GNSUM)  (RSL)  (IMPACT)  (WFR) 
MPV  =  (GPSUM)  (IMPACT)  (WFR) 


MPR  =  (GPSUM)  (IMPACT)  (WFR) 
MNR  =  (GNSUM)  (IMPACT)  (WFR) 


Static  Load  Moments,  Shears  and  Reactions.  Static  load  moments,  shears 
and  reactions  are  computed  by  loading  the  appropriate  influence  lines 
with  the  static  loading  conditions.  The  influence  lines  and  their 
areas  have  already  been  computed  and  stored  on  disk;  therefore,  the 
following  consists  of  the  method  used  to  break  static  loading  down 
so  that  it  may  be  applied  to  the  influence  lines. 


Superimposed  point  loads.  (PS) 
Superimposed  uniform  load.  (WS) 


Weight  due  to 
beam. 


-Minimum  uniform 
load  due  to  girder 
weight.  (W) 


ACTUAL  STATIC  LOADING  ON  A  SPAN 


FIGURE  63 


Minimum  uniform 
load  due  to  girder 
(W) 


Point 


loads  (P) 


r 


-r  -. 


*2P 


■  .:!:[•.•■■-:: -.■■•i-.T.-.j:-.-  ■:. -, 


SIMULATED  STATIC  LOADING  DUE  TO  BEAM  HEIGHT 


FIGURE  64 


The  following  generalized  formulas  solve  for  static  superimposed  load 
and  static  beam  load  moments,  shears  and  reactions. 

Where  W  =  a  uniform  load  over  the  whole  span  length 

P  =  a  point  load  at  a  point  on  the  span 

A  =  area  under  influence  line  for  the  span 

C  =  coefficient  on  influence  line  corresponding  to  P  load 

L  =  length  of  span  1 

Moment  =  [z  ( (A)  (W)  (h2) )  +  I  ( (P)  (C)  (L) )  ] 

Shear   =  [I  ((A)  (W)  (L))  +  E((P)(C))] 
Reaction=  [I  ((A)  (W)  (L))  +  l((P)(C))] 


Q2 


3.2.3  Description  of  Input.  Figure  65  shows  the  sign  convention  for 
all  loading.  The  "Work  Code"  entry,  "DC",  is  made  only  once. 

a.  Data  Code  002  calls  for  entries  as  explained  below. 

Entry  #1  asks  for  the  type  of  output  desired.  By  placing  the 
number  "1"  in  the  proper  space,  you  may  request: 

Deflections  (dead  load  and  live  load) 

Dead  load  report  (moments,  shears,  reactions) 

Live  load  report  (moments,  shear,  reactions) 

Maximum  design  values 

Deflection  influence  lines 

Deflection  card  input 

Live  load  composite  run 


Entry  #2  calls  for  the  wheel  distribution  factor. 

Entry  #3  calls  for  the  percent  of  impact  above  one  to  be  used. 
That  is,  if  the  internally  calculated  impact  will  be  1.3  and  you 
desire  it  to  be  1.15,  this  entry  will  equal  50. 

Entries  #4,  #5  and  #6  ask  for  the  total  weight  of  the  trucks 
that  are  to  be  used  for  the  review  or  rating  of  the  structure, 
in  tons.  These  trucks  must  be  the  same  and  be  in  the  same 
sequence  as  those  used  in  the  deck  routine. 

b.  Data  Code  201  is  the  general  data  card.  This  card  is  always 
filled  out. 

Entry  #1  calls  for  the  uniform  load  on  all  spans  that  have  been 
defined,  kips  per  foot.  Sometimes  it  will  be  better  to  leave 
this  entry  blank  and  use  202  cards. 

Entry  #2  calls  for  the  unit  weight  of  girder  material,  in  kips 
per  cubic  foot. 

Entry  #3  calls  for  the  modulus  of  elasticity  of  girder  material, 
in  kips  per  square  inch.  This  entry  is  needed  when  deflections 
are  wanted,  except  by  the  card  input  method.   (See  Entry  #3  of 
the  401  card.) 

c.  Data  Code  202  is  the  uniform  load  card.  These  loads  override 
the  uniform  load  specified  in  the  201  card.  That  is,  any  span 
that  does  not  have  the  same  load  as  the  load  in  the  201  card  may 
have  any  other  load,  including  zero. 

Entry  #1  calls  for  the  uniform  load  for  span(s)  defined  by  Entries 
#2  and  #3,  in  kips  per  foot. 

Entry  #2  calls  for  the  first  span  with  the  uniform  load  specified 
in  Entry  #1. 

Entry  #3  calls  for  the  last  span  with  the  uniform  load  specified 
in  Entry  #1.  This  entry  must  be  equal  to  or  greater  than  Entry  #2, 
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Entry  #4  is  uniform  load  for  span(s)  defined  by  Entries  #5  and 
#6,  in  kips  per  foot. 

Entry  #5  is  the  first  span  with  the  uniform  load  specified  in 
Entry  U. 

Entry  #6  calls  for  the  last  span  with  the  uniform  load  specified 
in  Entry  tf4.   Tt  must  he  equal  to  or  greater  than  Entry  #5. 

d.  Data  Code  203  is  the  point  load  card.  There  may  be  a  maximum 
of  36  of  these  cards  f72  point  loads). 

Entry  #1  calls  for  span  numher  this  point  load  is  in. 

Entry  #2  calls  for  the  distance  from  the  left  support  of  span 
this  load  is  in  to  where  the  point  load  is  acting,  in  feet. 

Entry  #3  calls  for  the  magnitude  of  the  point  load,  in  kips. 

Entry  #4  is  the  span  numher  this  point  load  is  in. 

Entry  #5  calls  for  the  distance  from  the  left  support  of  the  span 
this  load  is  in  to  where  the  point  load  is  acting,  in  feet. 

Entry  #6  calls  for  the  magnitude  of  the  point  load,  in  kips. 

e.  Data  Code  301  thru  308  define  the  truck  loads. 

Entry  #1  asks  in  which  direction  the  reviewer  desires  the  load 
to  proceed  across  the  structure.  This  entry  also  asks  whether 
the  live  load  is  a  standard  HS  truck  or  a  special  load  vehicle. 


6 

ENTRY    1 

15 

V. 

*i    i    i    i    i 

1    1 

CONTROL  CODE 

Di  rection 
"l=Up  mil  epos  t 

2=Down  milepost 
_3= Bo  th  di  rec  t  i  on  s 

Loading  Type 

1=1  IS  tvpe  trucks 
_2=Special  load 

Entry  #2  is  the  weight  of  front  wheel  of  truck,  in  kips. 

Entry  #3  calls  for  the  distance  from  first  wheel  to  second  wheel, 
in  feet. 

Entry  #4  is  the  weight  of  second  wheel  of  truck,  in  kips. 

Entry  #5  calls  for  the  distance  from  second  wheel  to  third  wheel, 
in  feet.   If  Entry  #1  is  coded  for  HS20  loading,  enter  14  feet. 

Entry  #6  is  the  weight  of  third  wheel  of  truck,  in  kips. 
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f.  Data  Code  302  is  a  continuation  of  the  truck  load  data. 

If  Entry  #1,  301  card  is  coded  for  an  HS20  truck,  enter  30  feet 
for  Entry  #1,  302  card. 

Continue  coding  of  wheel  weights  and  spacings  and  increase  data 
code  by  one  for  each  additional  card  required  for  up  to  24  truck 
wheels. 

g.  Data  Code  309  is  the  lane  load  card.  This  card  is  filled 
out  when  live  load  moments,  shears  or  deflections  are  wanted. 

Entry  "1  calls  for  the  uniform  lane  load  for  live  load,  in  kins 
per  foot. 

Entry  #2  calls  for  the  concentrated  load  for  moment,  in  kips. 

Entry  #3  calls  for  the  concentrated  load  for  shear,  in  kips. 

h.  Data  Code  401  is  the  span  data  card.  This  card  is  entered 
only  when  deflections  are  being  solved  for  the  use  of  card  input. 

Entry  #1  calls  for  the  length  of  span  number  one,  which  is  alwavs 
the  reference  span,  in  feet. 

Entry  #2  calls  for  the  length  of  the  span  for  which  deflections 
are  desired,  in  feet. 

Entry  #3  is  the  modulus  of  elasticity  of  girder  material,  in  kips 
per  square  inch. 

i.  Data  Code  402  is  the  real  load  moments  card.  This  card  is 
entered  only  when  deflections  are  being  solved  for  by  the  use  of 
card  input.  The  values  entered  are  the  real  load  moments  at  tenth 
points  of  the  span  for  which  the  deflections  are  desired. 

Entry  #1  calls  for  real  load  moment  at  the  left  support,  in  kip- feet. 

Entry  #2  calls  for  real  load  moment  at  the  1/10  point  on  the  span, 
in  kip-feet. 

Entry  #3  calls  for  real  load  moment  at  the  2/10  point  on  the  span, 
in  kip- feet. 

Entry  #4  calls  for  real  load  moment  at  the  3/10  point  on  the  span, 

in  kip- feet. 

Entry  #5  calls  for  real  load  moment  at  the  4/10  point  on  the  span, 
in  kip- feet. 

Entry  #6  calls  for  real  load  moment  at  the  5/10  point  on  the  span, 
in  kip -feet. 

j.  Data  Code  403  is  a  continuation  of  the  402  card. 

Entry  #1  calls  for  real  load  moment  at  the  6/10  point  on  the  span- 
in  kip- feet. 
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Entry  #2  calls  for  real  load  moment  at  the  7/10  point  on  the  span, 
in  kip-feet. 

Entry  #3  calls  for  real  load  moment  at  the  8/10  point  on  the  span, 
in  kip- feet. 

Entry  #4  calls  for  real  load  moment  at  the  9/10  point  on  the  span, 
in  kip -feet. 

Entry  #5  calls  for  real  load  moment  at  the  right  support,  in  kip- 
feet. 

k.  Data  Code  404  is  the  moments  of  inertia  card.  This  card  is 
entered  only  when  deflections  are  being  solved  for  by  the  use  of 
card  input.  The  entered  values  are  the  moments  of  inertia  of  the 
beam  cross  section  at  twentieth  points  of  the  span  for  which  the 
deflections  are  wanted. 

Entry  #1  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  left  support,  in  inches'4. 

Entry  #2  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  1/20  point  of  the  span,  in  inches u. 

Entry  #3  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  2/20  point  of  the  span,  in  inches4. 

Entry  #4  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  3/20  point  of  the  span,  in  inches4. 

Entry  #5  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  4/20  point  of  the  span,  in  inches4. 

Entry  #6  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  5/20  point  of  the  span,  in  inches4. 

1.  Data  Code  405  is  a  continuation  of  the  404  card. 

Entry  #1  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  6/20  point  of  the  span,  in  inches4. 

Entry  #2  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  7/20  point  of  the  span,  in  inches4. 

Entry  #3  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  8/20  point  of  the  span,  in  inches4. 

Entry  #4  calls  for  the  moment  of  inertia  of ' the  cross  section  at 
the  9/20  point  of  the  span,  in  inches4. 

Entry  #5  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  10/20  point  of  the  span,  in  inches4. 

Entry  #6  calls  for  the  moment  of  inertia  of  the  cross  section  at 
the  11/20  point  of  the  span,  in  inches4. 

m.  Data  Code  406  is  a  continuation  of  the  405  card. 
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Entry  #1  is  the  moment  of  inertia  of  the  cross  section  at  the 
12/20  point  of  the  span,  in  inches4. 

Entry  #2  is  the  moment  of  inertia  of  the  cross  section  at  the 
13/20  point  of  the  span,  in  inches4. 

Entry  #3  is  the  moment  of  inertia  of  the  cross  section  at  the 
14/20  point  of  the  span,  in  inches4. 

Entry  #4  is  the  moment  of  inertia  of  the  cross  section  at  the 
15/20  point  of  the  span,  in  inches4. 

Entry  #5  is  the  moment  of  inertia  of  the  cross  section  at  the 
16/20  point  of  the  span,  in  inches4. 

Entry  #6  is  the  moment  of  inertia  of  the  cross  section  at  the 
17/20  point  of  the  span,  in  inches4. 

n.  Data  Code  407  is  a  continuation  of  the  406  card. 

Entry  #1  is  the  moment  of  inertia  of  the  cross  section  at  the 
18/20  point  of  the  span,  in  inches4. 

Entry  #2  is  the  moment  of  inertia  of  the  cross  section  at  the 
19/20  point  of  the  span,  in  inches4. 

Entry  #3  is  the  moment  of  inertia  of  the  cross  section  at  the 
right  support,  in  inches4. 

o.  Data  Code  408  is  the  left  support  moment  influence  line 
card.  This  card  is  entered  only  when  deflections  are  being  solved 
for  by  the  use  of  card  input.  These  values  are  the  influence  line 
coefficients  at  tenth  points  for  the  left  support  of  the  span  for 
which  the  deflections  are  wanted. 

Entry  #1  calls  for  the  influence  line  coefficient  at  the  left 
support . 

Entry  #2  calls  for  the  influence  line  coefficient  at  the  1/10 
point  of  the  span. 

Entry  #3  calls  for  the  influence  line  coefficient  at  the  2/10 
point  of  the  span. 

Entry  #4  calls  for  the  influence  line  coefficient  at  the  3/10 
point  of  the  span. 

Entry  #5  calls  for  the  influence  line  coefficient  at  the  4/10 
point  of  the  span. 

Entry  #6  calls  for  the  influence  line  coefficient  at  the  5/10 
point  of  the  span. 

p.  Data  Code  409  is  a  continuation  of  the  408  card. 
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Entry  #1  is  the  influence  line  coefficient  at  the  6/10  point 
of  the  span. 

Entry  #2  is  the  influence  line  coefficient  at  the  7/10  point 
of  the  span. 

Entry  #3  is  the  influence  line  coefficient  at  the  8/10  point 
of  the  span. 

Entry  #4  is  the  influence  line  coefficient  at  the  9/10  point 
of  the  span. 

Entry  #5  is  the  influence  line  coefficient  at  the  right  support. 

q.  Data  Code  410  is  the  right  support  moment  influence  line  card, 
This  card  is  entered  only  when  deflections  are  being  solved  for 
by  the  use  of  card  input.  These  values  are  the  influence  line 
coefficients  at  tenth  points  for  the  right  support  of  the  span 


for  which  the  deflections  are  wanted. 

Entry  #1  is 

the  influence  line  coefficient  at  the  left  support. 

Entry  #2  is 
the  span. 

the  influence  line  coefficient  at  the  1/10  point  of 

Entry  #3  is 
the  span. 

the  influence  line  coefficient  at  the  2/10  point  of 

Entry  #4  is 
the  span. 

the  influence  line  coefficient  at  the  3/10  point  of 

Entry  #5  is 
the  span. 

the  influence  line  coefficient  at  the  4/10  point  of             ' 

Entry  #6  is 
the  span. 

the  influence  line  coefficient  at  the  5/10  point  of 

r.  Data  Code  411  is  a  continuation  of  the  410  card. 

Entry  #1  is 
the  span. 

the  influence  line  coefficient  at  the  6/10  point  of 

Entry  #2  is 
the  span. 

the  influence  line  coefficient  at  the  7/10  point  of 

Entry  #3  is 
the  span. 

the  influence  line  coefficient  at  the  8/10  point  of 

Entry  #4  is 
the  span. 

the  influence  line  coefficient  at  the  9/10  point  of 

Entry  #5  is 

the  influence  line  coefficient  at  the  right  support. 

Pages  100  thru  105  are  summaries  of  the  required  input  data  and 
supplement  the  aforementioned  descriptions. 
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■    .    *    i    *    ■    ■    ■ 


_t — i — , — i — i__i — i — i — 1_ 


it    ..i  i'oint 


_i — i — i__i — 1_ 


loment  at    .n   I'oint 


.... 


'lomcnt   ol"    Inertia 
it    .45  "oint 
■    i    i    i — i — i — i    i    i 


foment   of    lncrti 


_1 I 1 1 1 I A_i_ 


"oeff icicnt   at 
.  .1  I'oint 


Coefficient  at 
Point 


Coefficient  at 
I'oint 


■    ■    ■    ■ 


Coefficient   at 
.'1  I'oint 


ENTRY  5 


_sa 


Total   u'cinht  of 
truck  "J 


i      i      ■  ■  J      A      i 


!i  rst   ^oan  w\  th 
uni  form  load  snee- 
i  Tied    in  l.ntrv  "  1 

—i — t — i    i    i.  i  ■  ■    i    i 

TTTTf    I  rnni   l^f  t    ^un- 

"ort   th   ioa<!  spec- 
i  Tied    n  F-ntn-   *1 

l      i     i     i    -1     i     I     i     i 


^Tvicirr  Hptu'ppn 
true!-  i.-hooN  "2 
and   b  T> 

—I 1 1     A.   .1 — I — 1 — l— 


Spac  r  nt;  hetv:( 
trucV   uheels 


*    f    *    i    i 


'oment    .it    .1   I'oint 


Moment  at  "^ipht 
Support 

*    i    i    *    i    ■    *    * 


'lonrnt   of    incrfi. 
at    .2H  Point 


JL  ,1  ,1     I.  J. 


^V>mrnt    oi"    I  nert  in 
at    .SO  Point 

'*■'''■■ 


Toment   of  Tnert  in 
it    .80  Point 


■l—JL—l    .t..t     A-J      i      I 


f'oeff icicnt   at 
.4   Point 


,i— J...A  .JI..-L.  A 


Coefficient  at 
ight  Simnort 


■  A      I     .A     -4- 


Coefficirnt   at 
4   Point 

I      1     I     1      *     A     i 


Coef f ici ont  at 
night  Simnort 


■■■■■■■■    !    ■    ^ ■    ' 


& 


ENTRY   6 


'iital   iio iitht   ol 

trikl    -  " 


fast    snan  v.  ith 
uni  form   load  snec- 
i  f  ieil   ir  lintn    '  1 

Hagr.iMc'ol    !n'„l' 
^oeci  r i otl    in   I  ntn- 


-i-   A.    A      J       A. 


True.,  ''heel    \r 


■A  ■  A      A     A      i 


1'rucL   wheel    1< 


1      i      1      1      1      A,  .1   ,.i. 


locicnr    of   Inertia 
it    .25  •Yunt 

.  A     A.     1      i 1      i      A      1      i 


lomcnt    of   Inertia 
at    .55  point 


L     t.    ,t.      A      1 


lomcnt  of    Inert  ia 
it    .85  Point 


*       I       A      J 


■*—*—*.      fc       A-,  A     .A       A 


Coefficient  at 

Point 


Coefficient  at 
.5  Point 


■■■''■»■ 


TRAILER   CAWP 


NOTE:  A  trailer  car*  mutt  fall**  th*  lax  (tractor*  car*  contoinirtf  **t* 


Fl#,r«    •« 


3.2.4  Description  of  Output.  All  output  has  been  designed  to  be 
as  self-documentinp  as  possible.  The  output  consists  of  a  listing  of 
all  input  entered,  and  blocks  of  output  data  corresponding  to  the  various 
types  of  reports  requested  by  the  user. 

All  output  reports  are  in  a  column  and  row  format.  All  columns  and 
rows  on  a  report  are  labeled  as  to  the  type  of  values  contained  in 
the  column  or  row.  Values  are  listed  for  requested  types  of  loading 
for  tenth  points  on  all  spans  with  the  exception  of  reactions,  which 
are  listed  at  span  supports  only. 

Output  for  design  values  consists  of  the  combination  of  the  respective 
static  and  live  load  values  to  obtain  maximum  values  to  be  used  in  a 
design. 

Output  for  static  load  deflections  is  printed  out  both  in  decimals  of 
an  inch  and  fractions  of  an  inch  to  sixteenths. 
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3.3  Section  Design,  Review  and  Rating 

3.3.1  General  Information.  This  component  will  design,  review  and  rate 
steel,  concrete,  timber  and  composite  sections. 

When  designing  a  structure,  only  data  having  to  do  with  general  charac- 
teristics are  entered.  In  concrete  design,  clearances  to  steel,  break- 
ing strength  of  concrete,  yield  strength  of  reinforcing  and  percentages 
need  only  be  entered.  When  designing  steel  structures,  only  steel 
properties  and  percentages  need  be  entered. 


A  set  of  data  must  be  coded  for  every  section  to  be  investigated, 
this  reason  the  capability  of  choosing  design  points  is  included. 


For 


If  a  design  point  is  to  be  investigated  for  only  one  given  action,  such 
as  shear,  then  only  those  applicable  stresses  need  be  input  in  the  review 
and  rating.  Conversely,  if  a  given  action  in  any  one  section  is  not 
desired,  the  allowable  stress  parameters  may  be  set  equal  to  zero. 

3.3.2  Mathematical  Equations  and  Derivations. 

a.  Rectangular  Column 


Area  steel  (Agl 


point  of  load  "P" 


£_column  =  x  axis 

Area  steel r^sA 
V  2  J 

g  column  =  y  axis 

Note:  c  =  clearance  to  £  steel 


TYPICAL  SECTION 

This  stress  checking  method  is  a  new  approach  to  a  difficult  problem. 
The  basic  idea  is  to  reduce  the  check  to  two  separate  checks.  The  first 
check  is  made  for  the  load  that  causes  the  greatest  e/t  ratio,  and  then 
adding  to  the  stresses  found,  the  ones  caused  by  the  least  e/t  ratio. 

The  problem,  then,  is  to  first  calculate  the  e/t  ratios 

ex  =  Ex  /  B 
ey  =  Ey  /  w 
Checking  to  see  if  the  columi  is  a  cracked  section, 


eY  +  e„  =  .273 


and  if 
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Ey  =  w  /  6 

Ex   =  B  /  6 

If  a  cracked  section  is  indicated  and  Fy,  is  less  thanw/fi,  we  reorient  the 
section  by  setting 


Ex  -  Ey 

Ey  =  Ex 


a  =  w 

w  =  B 


If  the  section  is  cracked  and  Ey  is  equal  to  or  greater  thanw/6,  we  find 
the  stresses  in  each  corner  from  the  moment  caused  by  Ey. 


CHECK  NO.  1  STRESS  PATTERN 
(Initial  stresses  from  Ey) 


f  =  f 

rCl    rC4 

f  =  f 

^02    XC3 


^equivalent  area  steel  =  (2N-1)  ^si 

2 


eq  area  steel  =  (2N-l)Aco  (  fev-c  \ 
£  S2  \w-2c  / 

"7       pea  area  steel  =  N  (A  )/w-l<w-c 


eq  area  steel  =  N  f  ^ l 

'  2 


fg/N  =  _w^c  £c 


CROSS  SECTION  OF  STRESS  PATTERN 


Writing  summation  of  moments  about  "P"  (EMp) : 
SMp  =  0  =  -fc^WEy-^^yfsC(2N-l)  ^  (Br*+cJ 
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f__  /kw-c\/  w 


kw-c 


•fstTO  ^i  (By^-c)  ♦  fst   (N).^2^^i^V»-c-^ 


and 


KW 


fst   -   fc^w-kw-c 

KW 

set  the  identities 


X]     =    Ey    +    w    -    c 
T 


x2  =  rv  -  w 

T 


X3=Ey"W+C 


t  lie  re  fore, 


'•L  =  0  =  -fc  /kw\  B/X+kw 


r"    \  "  t 


fc  /kw-c\  2N-1 


T^r  t 


AgjCXo)    +  .-Wkw-c 
wTc 


X     +  kw-c 


+  ( w-kw-c  \  fc  [N 


T 


av 


ASi<7i)+  As:  Av-kw-cYX.-w-b 


w-2F 


and  dividing  both  sides  by  fc, 
^  =  o  = 


(kw]  /x2+kwV  (2N-l)/kw-c\     A^  fX3)+As2/kw-c  Vx,+k>. 
4  ^'i/w"fr-c\    Ag^X  )+AS2  ^-kw-cVx^  w-kw-c 


(Equation  1  ) 


Solving  for  kw  gives  the  distance  to  the  neutral  axis  and  consequently  the 
new  section  for  the  additional  moment  (Ex) . 

To  find  the  stress  in  the  concrete  from  the  applied  load,  we  write  an  equation 
for  summation  of  verticals  (ZV=0). 


ZV  =  0 


P+fst(Asl)   N+   fst(AS2)   N^-^Vfsc(Asl)/2N^ 


f,rf2N-lYkw-c\V2   -   fc    (kw) 


^W-ZCy 

substituting   for  fsc  and  f  tJ 
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P+f^w-kw-cVN 


^i^zfe^l 


■fc(kw)  B  -  fc/kvv-c 
7  I  kw 


/2N-] 
Solving  for  f 
f  r  =  P/ 

9 

c 

N 
2 

w-kw-c 

A  +A 

SI   S2 

w-kw-c]  1  .  r 

kw 

l2  _ 

.2N-1 
2 

kw-c 
kw 

■*-C      ' 

kw 

_w-2cj| 

^Sl    +   ^S2 


kw-c 


w-2c 
Solving  for  tension  in  steel   (fst) 

fst  =  /w-kw-c\  fc(N) 
\     lew     / 

Solving  for  compression  in  steel  (fsc) 

Solving  for  fictional  stress  in  concrete  (tension) (fc2  $  fC3) 
f   _  f  /w-kw 

tcn     c  li^r 

By  assuming  the  concrete  section  is  now  kw  wide  and  B  long  and  including 
the  equivalent  concrete  from  the  reinforcing  steel,  we  find  the  stresses 
due  to  the  influence  of  the  moment  caused  by  the  X- eccentricity  (F^) . 

Ti  =  hj_  (ZN-1 
2     VB-2c 


T     .  AS2  /2N-] 


2    \vF2c 


w-2c 


T2'-W    N\ 


Note:  Ag2  includes  T3  §  Tk 


NEW  EFFECTIVE  SECTION 


The  stresses  are 

,.  ■  ±  PMI) 
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Iy  =  1   (kw)  B3  +  1  Tj  (B-2c)3  +T^  T2  (B-2c)3  +  2(T3)(kw-c)  fe^-Y 


+  2(T  )(w-kw-c)(B-2c)2 
k  —*, — 


The  final  stresses  arc  found  by  summation 


f   =  f  +  £ 
Lci   'c   Ly 

E   =  f   -  f 
C2    cn    y 

f  ■=£   +  f 
C3    cn    y 

fc,  ■   fc  -   fy 

The  new  distances  to  the  neutral  axis  are  found  from  the  concrete  stresses 


kwx  =  w  (   ci 
tri-tr 


:cl-rC2 


kw9  =  w  /  1ch 


Ck    XC3 


The  final  stresses  in  the  steel  are 

/  w-kus-c 
Tst  ~  xc 


St  -  'C1+ 


kw_ 


N 


fsc  =  fc/kwr5V2N-i) 


V/hen  the  section  is  not  of  a  cracked  type,  then  the  stresses  are  Found  by 

fc  =  P  ±  P(Ex)x  ±  P(Ey)y 
X     Iy 


^T 


f 


sn 


fst  = 


fC2  +  [fcT  fc2  )  (w-c)J   (2n-l) 

:       w 

fcl4  +  (fc3-fcJ   fw-c)    CM) 


w 


Where  Iv  is  as  above  with  kw  equal  to  w  and 


Ly 

Tx  =  1     B(w)3   +  AS1 
12  S1 


(w-2c) 


2  1 

+  -     T    (w-2c)3 
6        3 


The  expansion  of  Equation  1,  page  ino?    j 


kw3 


B  .  As2(N-l)' 

3       3(w-2c) 


+    KW' 


*(X2)  -   As2CN-l)X2 
(w-2c)    J 


+  kw 


*S2 

(w-2cj 


lil 


-  AS1((2N-1)X3+N(X1)) 

As2(N) 


(2N-l)c(2X3-c)+N(w-c)((w-c)-2X1) 
(w-c)2 


Xr^£ 
1  3 


=  0 


b.  Circular  Column 
Basic  Sketch 

Cracked  Section 


A£=nAs 


A'*  =  (n-l)As(°9 


GIVEN:  N,e,n,As,D,d 

FIND:  Final  Stresses  fc,  £s,  fs' 

RESTRICTIONS:  Eccentricity  Ratio  Greater  Than  .5 
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Steel  Ring 


I  =Jy2dA 


y  =  r  sin  6 
dA  =  rde  t 
*xx  =  t|r2sin2edA  =  tTr2sin2Srd9 


"J 


r°srn 


28d0 


Ixx  =  tr; 


6   -  sin2e 
2      ~T~ 


Any  Arc 


■'■xx 

=  tr3 

G    - 
J 

sin2o 
4 

tr3 

2 

a 

-   sinO+2a) 

4 

-tr3 

TT 
1    ' 

2 

a 

-  sin (--2a) 
4 

*xx 

-^ 

(2a+sin2cT 
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Centroid  of  Arc,   v 


Ly  =  \  vdA 


s- 


v 


n  o  rde     =  rlsinOd 


COS' 


+  . 


\  si: 


TT      "   i 

2 
Ly    :  r:-  [sina+sina]   =  2r-"sin. 


COSfiT    +    a)    +    COS 


v  =  2i"  sin 


v  =  rsiriu 


:ra 


Concrete  Segment 


r  r  \  ^y2dy 

A  -   2JdA  =   2Jxdy  -  2Jrcosa 


r~-y-'-  +  r-sin     (y_ 


r 

rcosa 


L. 

=   fr'sin'-l]     -    [rcos.vr:'-r  cos  ■'  +   r:'sin:1  (cosa)J 


r:  t 

9 
L 


rcoS'iSina+rYr-2 
T 


=  r2-    -   r-' sin 2 a   -    r_j   +  2r-a 
~T~  2  2  2 


=   r    I  T-sin2<-n   +2aJ 

L 

V  =  r  [2  i-sin2«] 
2 
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Centroid  of  Segment 


y  SF-y1  dy  =  2  r -    (r2-y2)3/2  ' 
jrcosa  L 


rcosa 


=   2 


'(r2(l-cos2a))3/21  =  2[r2sin2a]3/2 


=  2r3sin3a 


2r3sin3a  =  2r3sin3a 
3Ac     3F2" 


-j-   (2a-sin2a) 


4rsin3a 
3(2a-sin2a) 


Concrete  Segment,  Moment  of  Inertia 


Ixx=  2 


rcosa 


y2/rz-yz  dy  =  2 


-y(r2-y2)3/2  +  r2y(r2-y2) 1/>2  +  r^  sin"  !y_ 


-ircosa 


=  2/rS  + 


16 


rt4sin3acosa  -  r^sinotcosa  -  r^-r:  +  r^a 
3  8  16  8 


=  2 


rHTT  +  rHsinJacosa  -   rHsinacosa  -  r4Ti  +  rHa 


16 

'a 


8 


16  8 


=  r4a  +  2rt+sin3acosa  -  rHsinacosa 


=  r4 


T" 


5 T 

a+2sin3acosa-sin2a 


=  r4 


=  r4 


-g—  [2a-sin2a+4sin3acosa] 

■g—  (2a-sin2a)       -g—  (4sin3acosa) 

Arr2  +  2rt+sin3acosa  =  Acr2 
"T"     4"  "T- 


•^-c-inJ' 


Ac  +  2rzsin:iacosa 
A^  Ac 
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Acrz 


l+2r"-sin3acosa 


-(2ct-sin2a) 


A   r2     (^   +    4sin3aC05a 

*    2a-sin2a 


xx 


A^2  n  +  2sin3acosa 
/i   \    a-sinaCOSa 


Moment  of  Inertia  of  Steel  Ring,  t  =  1 


IVY  =  r3  /2TT+sin4-r\  =  -nr3  =  2nTr2 
XX  T    [       ~T~)  ~T~ 


d  =  2r  ;  2ttt  =  nAs  ;  Iv^  =  nAsdz 


Moment  of  Inertia  of  Arc  for  Steel  Ring,  t  =  1 


-xx 


11  [2a+sin2a]    ;   L  =    (2r), 


a(n-l)As 

7T 


^i>        lL    [2a+sin2a] 

7  m  7  L 


Replace  Length  of  Arc  with  Area  of  Steel 


l™  =    (n~1)(AS)a  r3    [2a+sin2a] 
(tt)    (2rd)     7 


Ijryr      =        (il"  1  )  Ag       T2 

7^ [2a+sin2a] 

4tt 


Ixx  =   (n-DAgd2 


16tt 
(n-l)As  =  As'tt 


[2a+sin2a] 


Ixx  =  A^'tt  d2 


(2a+sin2a)  =  d2A^'   (2a+sin2a) 
a     16tt  !6a 
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SUMMARY  OF  FORMULAE  FOR  CIRCULAR  COLUMNS 
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SUMMARY  OF  FORMULAE  FOR  CIRCULAR  COUP  INS,  continued 


i— i 
m 

Q 


i— i  rd 

T3 


U 

0) 


a, 


nd  rd 


>> 


u 
u 


■I* 


a,     h 


'd  rd 
I    l< 


■fe 


£UL 


T3 
CD 


g 


o 
II 


■H 


4-1 


£ 


T3 

a> 

•H 

& 

CD 

u 

8 


"d  I'd 


f 

— I 

a 

ts> 

o 

u 

o 

m 

■S 

(A 

^t 

vi-' 

A 

8 

J- 

c 

CM 

•H 

/— \ 

10 

8 

oo 

(/) 

1 

o 

8 

u 

CM 

a 

PI 

c 

■H 

■H 

(/I 

(/I 

vO 

i 

v — ' 

8 

z — \ 

*»— ^ 

8 

(/) 

o 

u 

a 

c 

•H 

l/> 

a 

lw 

1 

& 


>r 


^k 


8 

-d 


^ 


1^ 

CNI 

+ 

■d  rd 

CM       |\£> 

Q   H 


or 


te$k 


'd  rd 


8 

(Nl 


^ 


# 


M 


^^ 


rd 


+    So 

8 


CM 

T3 


8 
V) 

o 
u 

8 


1/) 

CNJ 


>> 


H 

i— i 

'd 


CO 

I 


8 

8 
CNI 
!/) 

o 
u 

+ 


fe 


& 


5? 

CM 

-d 

+ 


CO 


Ix 


^ 


3c 


h3  rd 


>> 


§ 


tf 

i 


I*1 


<tf 


u 

J 

u 

- 

» 

H 

J> 

cu 

M 

a, 

Oh 

+ 

4-< 


^ 


^W 


+ 
P.     I* 


<* 


3 


4-1 


4-1 


I 

5? 


118 


c.  Reinforced  Concrete  (Excluding  Columns)  Design.  The 
equations  are  found  in  "Reinforced  Concrete  Design  Handbook, 
Working  Stress  Method'.',  Third  Edition,  published  by  ACI, 
example  18,  on  page  31. 


d.  Steel  and  Timber  Design, 
analysis  equations,  such  as: 


The  equations  are  standard  elastic 


The  stress  reductions  are  found  in  the  American  Association 

of  State  Highway  Officials  publication,  "Standard  Specifications 

for  Highway  Bridges",  Tenth  Edition. 

3.3.3  Description  of  Input.  The  input  for  this  component  depends  a 
great  deal  upon  the  type  of  section  input  into  the  "Structural  Analysis" 
component.  Figure  45  indicates  all  of  the  dimensions  possible  for  a 
section  to  have.  A  designer  may  ask  himself,  "How  about  a  built-up 
section,  consisting  of  plates,  angles,  channels,  etc?".  How  this  can 
be  accomplished  is  best  shown  by  figures. 

First  of  all,  it  must  be  understood  that  the  structure  analysis  is 
for  a  structure  in  a  single  plane.  That  is,  there  are  no  deformations 
considered  in  the  "z"  direction.  With  this  in  mind,  we  can  understand 
how  the  Figures  67  and  68  are- valid  assumptions. 


TFW 


'V  -■.Vi'vV.- 


fcl 


HJ-L 


J2 


13 


T4 


Ji 


■'».:;  :'<.'•;  «■■■:-.■■»-''  ■.•'••.*  :«iv 


BFW 


TFW 


'  TI*T2*T3*T4*T5 


Tl* 

T**T3*T4*T3 

H* 

':>"V  '...■ 

«I 

•  5  "•' 

."•"i  '.i".'.i '• 

r  ■  -  *  !*  •*.•!  ■  .*  t 

'A.-  -A'.- 

.f'.V.V 

"1 

• 

BFW 

» 

EQUIVALENT    FULL   SECTION  OF   BOX   GIRDER 

Figur*    67 

Figure  67  shows  how  to  input  a  box  girder  section  into  the  system.  If 
this  had  been  the  section  used  in  the  analysis,  then  the  reinforcing 
steel  required  in  a  design  run  and  the  stresses  will  be  for  the  complete 
section.  When  reviewing  this  structure,  the  input  reinforcing  would  be 
all  the  steel  placed  in  the  deck  and  lower  slab  that  ran  parallel  to 
the  axis  of  the  structure.  If,  on  the  other  hand,  a  person  would  want 
to  design  or  review  an  exterior  or  interior  girder,  the  analysis  input, 
wheel  fractions,  superimposed  dead  loads  and  reinforcing  data  would  be 
for  one  such  girder. 

On  steel  bridges  that  are  built  of  rolled  sections  and  riveted  or  welded 
together,  some  minor  calculations  will  be  required  by  the  user.  Figure  68 
shows  a  typical  steel  girder  section  and  the  dimensions  that  are  required 
for  input. 
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EQUIVALENT    BUILT  UP  SECTION 

Figurt  68 

Hie  dimensions  FT  and  FB  can  be  shown  to  he  equal  to 
2Area 
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Where  Area  =  the  cross  section  area  of  the  angle 

dc    :  the  distance  to  the  centroid  of  the  angle 


F 


=  FT  or  FB 


On  steel  box  girders,  the  web  is  not  always  vertical  and  may  consist 
of  two  members.  Figure  69  indicates  the  proper  method  of  calculating 
the  web  thickness  and  depth.  The  designer  would  enter  the  thickness 
of  web  equal  to  two  times  the  actual  thickness,  divided  by  the  cosine 
of  the  angle  of  inclination  of  the  web. 
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EQUIVALENT    FULL   SECTION  OF   STEEL    BOX    GIRDER 

FlQur«  69 

The  "Work  Code"  entry,  "DC",  is  made  onlv  once. 

a.  Data  Code  0.05  calls  for  the  following  entries. 
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Entry  #1  asks  which  output  report  is  desired  by  the  designer. 
A  number  "1"  shall  be  entered  for  each  report  desired.  Both 
reports  may  be  requested. 

Rating  Report 
Design  Report 


Entry  $2  determines  the  type  of  control  to  be  placed  upon  the 
computer  run.  When  a  rating  report  is  requested  in  Entry  #1, 
enter  a  "1".  When  a  design  and  review  report  is  requested  in 
Entry  #1,  enter  a  "0". 

Entry  #3  is  completed  when  a  composite  section  is  being  analyzed. 
This  entry  determines  whether  the  computer  run  is  for  a  dead  or 
live  load  analysis  of  a  composite  section. 

b.  Data  Code  501  asks  for  the  material  factors  used  in  the 
design,  review  and  Inventory  Rating.  These  entries  allow  the 
reviewer  to  take  into  account  any  reduced  condition  ratings 
found  in  the  structural  members.  The  condition  rating  is  con- 
sidered when  establishing  the  value  used  for  the  allowable 
stresses. 

Entry  #1  is  the  materials  factor  for 

.  _   .      ,  n  .   Allowable  stress,  reinforcing  steel 

reinforcing  steel  (beams)  =   Yield  stress,  reinforcing  Iteel 

Entry  #2  is  the  materials  factor  for 

...       ,  ,     ,    .   Allowable  stress,  reinforcing  steel 
reinforcing  steel  (columns)  =   Yield  stress,  reinforcing  steel 

Entry  #3  is  the  materials  factor  for 

.      Allowable  stress,  concrete 
concrete  members  =  Ultimate  stress,  concrete 

Entry  #4  is  the  materials  factor  for 

,      Allowable  stress,  structural  steel 
structural  steel  members  =   Yield  stress,  structural  steel 

Entry  #5  is  the  materials  factor  for 

.  ,      ,      Allowable  stress,  timber 
timber  members  =  Design  stress,  timber 

The  timber  design  stress,  the  stress  used  in  designing  the 
structure,  is  used  for  timber,  since  the  design  of  timber  members 
is  based  on  a  safe  working  stress  which  is  not  based  on  a  per- 
centage of  a  yield  stress. 

c.  Data  Code  502  asks  for  the  same  entries  as  Data  Code  501, 
except  that  the  factors  are  used  in  determining  the  Operating 
Rating. 

d.  Data  Code  510  calls  for  all  the  sections  that  were  used  in 
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the  "Structural  Analysis"  routine  to  be  defined. 

Entries  #1,  #3  and  #5  ask  for  the  section  numbers  (as  numbered 
in  the  "Structural  Analysis"  coding). 

Entries  #2,  #4  and  #6  ask  for  the  section  type  description. 

1  =  Steel,  rolled  or  built-up  section  (welded  or  riveted 

plate) 
3  =  Concrete,  reinforced 
5  =  Composite,  concrete  and  steel 
7  =  Timber 


e.  Data  Code  520  may  be  used  to  request  critical  points  in 
the  members  at  which  a  review  or  design  is  desired,  if  not 
previously  requested  by  the  100  series  cards.  The  tenth 
points  are  entered  as  205,  206,  etc.  Maximum  number  of 
points  that  may  be  called  for  is  18.  A  520  card  may  be 
repeated  if  more  than  six  points  are  desired. 

f.  Data  Code  521  and  522  are  used  to  apply  any  moments,  shears 
or  loads  (in  addition  to  those  caused  by  the  live  and  dead  loads 
applied  in  the  "Structural  Loading"  routine)  to  the  member  that 
may  be  desired.   (An  example  would  be  the  centrifugal  force  in 
curved  girders.)  Maximum  number  of  cards  that  may  be  used  is 
18.  The  point  numbers  would  correspond  to  those  of  Data  Code 
520  or  100.  The  axis  notations  and  actions  are  depicted  in 
Figure  70. 

Shear  Y-Z 
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Moment  Y-Y 
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Or 
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Reaction  Y-Y 
AXIS  OF  MEMBER 

Figure    70 
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g.  Data  Code  523  is  used  to  add  moments  of  inertia  to  be 
used  in  designing  or  reviewing  members  that  have  loads  in  more 
than  one  direction. 

h.  Data  Code  530  is  used  when  a  structural  steel  section  is 
being  designed  or  reviewed.  Entries  #2  thru  #6  have  repeat 
capabilities;  that  is,  they  need  not  be  entered  for  subsequent 
points  after  the  first  point  is  defined,  providing  that  the 
section  at  the  subsequent  points  is  the  same  as  the  previous 
one  entered. 

Entry  #1  asks  for  the  number  of  the  point  in  question,  correspond- 
ing to  a  point  number  on  the  100  or  520  card. 

Entry  #2  asks  that  the  type  of  section  be  defined. 

2  =  rolled  or  welded  plate  section 

3  =  riveted 

4  =  composite 

Entry  #3  asks  for  the  yield  strength  of  the  steel  used  for 
the  web,  in  pounds  per  square  inch. 

Entry  #4  asks  for  the  yield  strength  of  the  steel  used  for  the 
bottom  flange,  in  pounds  per  square  inch.  Do  not  enter  if  it 
is  the  same  as  the  yield  strength  of  the  web. 

Entry  #5  asks  for  the  yield  strength  of  the  steel  used  for  the 
top  flange,  in  pounds  per  square  inch.  Do  not  enter  if  it  is 
the  same  as  the  yield  strength  of  the  web. 

Entry  #6  asks  for  the  ratio  of  moduli  of  elasticity  of  steel 
to  concrete  (n)  for  composite  sections. 

i.  Data  Code  531  continues  the  description  of  the  steel  section. 
Code  a  "1"  in  column  66  of  the  530  card  when  using  a  531  card. 

Entry  #1  asks  for  the  angle  of  the  web  from  vertical,  in  degrees 
and  decimals  of  degrees. 

Entry  #2  asks  for  the  transverse  stiff ener  spacing,  in  inches. 
This  may  be  entered  if  a  check  is  desired  on  the  stiffener  spacing. 

Entries  #3  and  #4  describe  the  area  of  the  bearing  stiffener. 
These  entries  are  made  if  a  rating  is  desired  for  the  bearing 
stiffeners.  Each  entry  is  input  in  inches. 

Entry  #5  asks  if  there  are  longitudinal  stiffeners.  If  the 
section  has  a  longitudinal  stiffener,  enter  a  number  "1", 
and  if  the  section  does  not  have  a  longitudinal  stiffener, 
enter  a  "0". 

Entry  #6  asks  for  the  unsupported  length  of  the  compression 
member,  in  feet. 
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Mien  reviewing  or  designing  built-up  sections  and  there  are 
no  flanges  entered,  such  as  shown  in  Figure  71,  and  the  section 
will  have  an  unsupported  flange  length  not  equal  to  zero,  then 
a  compression  flange  width  will  have  to  be  entered.   See  Entries 
#3  and  #4  of   the  111  card.   If  the  flange  width  is  not  entered, 
no  reduction  will  be  taken  in  the  allowable  stress. 
Width  of  Unsupported  Ftanga 


Centrofdal  Axis  of  Angle 


BUILT-UP  SECTION   WITH  NO  FLANGES 

Figure  7 1 

This  card  is  not  required  when  the  web  is  vertical  and  there  are 
no  longitudinal  stiffeners. 

j .  Data  Code  532  continues  the  description  of  the  steel  section 
and  is  used  only  if  there  is  torsion  f^foc.)  involved.  Code  a  "1" 
in  column  66  of  the  previous  card  if  this  data  card  is  used. 

Entry  #1  defines  the  tynp  nf  section.  Examples  of  an  open 
section  would  be  an  I-Beam  or  channel,  while  the  closed 
section  would  be  a  tube. 

1  =  open  type 

2  =  closed  type 

Entry  #2  is  the  radius  of  the  fillet  connecting  the  flange  with 
the  web,  in  inches.  This  is  used  in  calculating  stresses. 

k.  Data  Code  S33  is  also  a  continuation  of  the  steel  section 
description  if  the  section  is  either  composite  or  has  cover 
plates.  Code  a  "1"  in  column  66  of  the  previous  card  if  this 
data  card  is  used. 

Entry  #1  is  the  allowable  shear  at  the  bottom  of  the  top  cover 
plate  or  composite  section,  in  pounds  per  lineal  inch  of  beam. 
This  shear  may  be  developed  by  welds,  rivets  or  shear  connectors. 

Entry  #2  is  the  allowable  shear  at  the  top  of  the  bottom  cover 
plate,  in  pounds  per  lineal  inch.  See  Entry  #1. 

Entry  #3  is  the  ultimate  strength  of  the  concrete  in  compression, 
in  pounds  per  square  inch.  This  is  usually  the  28-day  breaking 
strength. 
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1.  Data  Code  SSO  is  used  when  a  reinforced  concrete  section  is 
being  designed  or  reviewed.  Entries  #2  thru  #6  have  repeat  capa- 
bilities; that  is,  they  need  not  be  entered  for  subsequent  points 
after  the  first  point  is  defined,  providing  that  the  section  at 
the  subsequent  points  is  the  same  as  the  previous  one  entered. 

Entry  #1  asks  for  the  tenth  point  number  of  the  point  in  question. 
This  entry  must  be  the  same  as  one  of  the  entries  in  the  100  or 
520  card.' 

Entry  #2  is  the  yield  stress  of  the  main  reinforcing  steel  for 
the  beam  or  girder,  in  pounds  per  square  inch. 

Entry  #3  is  the  yield  stress  of  the  reinforcing  steel  for  stirrups 
and  ties,  in  pounds  per  square  inch. 

Entry  H  is  the  ultimate  strength  of  the  concrete  in  compression, 
in  pounds  per  square  inch.  This  is  usually  the  28-day  breaking 
strength. 

Entry  #5  is  the  percent  of  concrete  to  be  used  in  shear  normal 
to  the  span.  In  cases  where  the  concrete  has  no  visible  cracks, 
this  will  be  equal  to  "100".  When  there  are  visible  failures  in 
the  tension  side  of  beams,  such  as  severe  spalling  and  relatively 
wide  shear  cracking,  this  entry  should  be  determined  by  the 
engineer  inspecting  the  bridge. 

Entry  #6  is  the  ratio  of  the  moduli  of  elasticity  of  steel  to 
concrete  (n) .  This  entry  is  used  in  determining  stresses. 

m.  Data  Code  551  is  used  if  this  is  a  design  and  not  a  review 
or  rating  run.  Code  a  "1"  in  column  66  of  the  550  card  when 
this  card  is  used. 

Entry  #1  is  the  distance  from  the  bottom  of  the  section  to  the 
centroid  of  the  reinforcing  steel,  in  inches.  When  you  think 
there  will  be  more  than  one  row  of  steel  required,  an  average 
centroidal  distance  should  be  entered. 

Entry  #2  is  the  distance  from  the  top  of  the  section  to  the 
centroid  of  the  reinforcing  steel,  in  inches.  See  Entry  #1. 

n.  Data  Code  552  is  used  when  this  is  a  review  or  rating  run. 
Code  a  "1"  in  column  66  of  the  550  card  when  this  card  is  used. 
Data  codes  551  and  552  are  never  used  in  the  same  run. 

When  entering  reinforcing  steel  that  is  on  the  compression  side  of 
the  beam  or  column,  the  designer  must  be  certain  the  reinforcing 
is  truly  in  the  compression  area.   If  it  happens  to  fall  outside 
of  the  compression  area,  a  significant  error  will  occur  in  the 
output.   In  addition,  tension  reinforcing  that  is  too  close  to 
the  neutral  axis  will  cause  a  decrease  in  the  carrying  capacity 
of  the  section  and  should  be  omitted  when  reviewing  members. 

See  Figures  72  thru  75  for  clarification  of  reinforcing  dimensions. 


125 


INPUT  IDENTIFICATION-REINFORCED  CONCRETE  BEAMS  AND  COLUMNS 
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Figure  72 
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In  the  Figures  72  thru  74,  the  orientation  of  the  section  is 
as  follows:  On  top  and  bottom  spans  (1  thru  6  and  14  thru  19), 
shown  in  Figures  41  and  42,  the  AS4  and  ASS  reinforcing  is  always 
on  top  regardless  of  which  portion  is  in  tension.  In  the  vertical 
or  inclined  spans,  the  right  side  is  considered  to  be  the  top 
of  the  beam.  See  3.1.1,  Ranges  and  Restrictions,  k. 

In  rectangular  columns,  Figure  74,  since  the  right  side  is 
considered  to  be  the  top  of  the  column,  it  follows  that  AST, 
will  be  on  the  left  side  of  the  section. 

Entries  #1,  #3  and  #5  are  areas  of  reinforcing  in  their  respective 
locations  defined  by  Entries  #2,  #4  and  #6.  Areas  are  input  in 
square  inches  and  distances  to  centroids  in  inches. 

Entry  #1  =  AS1     Entry  #3  =  AS2     Entry  #5  =  AS3 
Entry  #2  =  Dl     Entry  #4  =  D2     Entry  #6  =  D3 

o.  Data  Code  553  is  used  when  reviewing  or  rating  a  structure 
that  has  top  steel  and/or  stirrups  to  be  rated.  Code  a  "1"  in 
column  66  of  the  previous  card.  See  Figures  72  thru  74  for 
clarification. 

Entry  #1  is  the  area  of  steel,  AS4,  in  square  inches. 

Entry  #2  is  the  distance  to  centroid  of  AS4,  D4,  in  inches. 

Entry  #3  is  the  area  of  steel,  AS5,  in  square  inches. 

Entry  #4  is  the  distance  to  centroid  of  AS5,  D5,  in  inches. 

Entry  #5  is  the  area  of  steel  of  stirrups,  ties  or  spiral 
reinforcement  within  the  space  indicated  in  Entry  #6.  To 
determine  it,  cut  the  section  along  the  XZ  plane  and  calculate 
the  area  of  the  cut  stirrups,  ties  or  spirals,  in  square  inches. 

Entry  #6  is  the  space  in  which  the  area  calculated  in  Entry  #5 
is  repeated,  in  inches. 

p.  Data  Code  554  is  used  when  a  rectangular  or  circular  reinforced 
concrete  column  is  being  designed  or  reviewed.  Refer  to  Figure  74 
or  75  for  clarification.  Code  a  "1"  in  column  66  of  the  previous 
card. 

Entry  #1  is  the  area  of  steel,  ASL,  in  the  left  side  of  the 
column,  in  square  inches. 

Entry  #2  is  the  distance,  CLL,  to  the  centroid  of  the  reinforcing 
in  the  left  face,  in  inches. 

Entry  #3  is  the  area  of  steel,  ASR,  in  the  right  side  of  the 
column,  in  square  inches. 

Entry  #4  is  the  distance,  CLR,  to  the  centroid  of  t^e  reinforcing 
in  the  right  face,  in  inches. 
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Entry  #5  is  a  code  that  denotes  the  type  of  shear  reinforcement. 

1  =  ties 

2  =  spirals 

q.  Data  Code  590  is  used  when  a  timber  section  is  being  designed 
or  reviewed. 

Entry  #1  is  the  tenth  point  to  which  the  following  data  will 
apply.  This  point  will  have  been  previously  defined  in  the  100 
or  520  card. 

Entry  #2  is  the  design  stress  of  timber  in  flexure,  in  pounds 
per  square  inch. 

Entry  #3  is  the  design  stress  of  timber  in  horizontal  shear, 
in  pounds  per  square  inch. 

Entry  #4  is  the  design  stress  of  timber  in  compression  perpen- 
dicular to  the  grain,  in  pounds  per  square  inch. 

Entries  #2  thru  #4  have  repeat  capabilities;  they  need  not  be 
entered  for  subsequent  points  after  the  first  point  is  defined, 
providing  that  the  section  at  the  subsequent  points  is  the 
same  as  the  previous  one  entered. 

r.  Data  Code  591  is  used  for  timber  sections  when  the  section 
is  over  a  support.  Code  a  "1"  in  column  66  of  the  590  card. 

Entry  #1  is  the  length  of  the  bearing  area,  in  inches. 

Entry  #2  is  the  distance  from  the  end  of  the  member  to  the 
beginning  of  the  bearing  area,  in  inches. 

Entry  #3  is  the  width  of  the  bearing  area,  in  inches. 

3.3.4  Description  of  Output.  The  output  may  consist  of  any  of  the 
following  printed  reports,  depending  upon  the  section  type  and  user 
request : 

a.  Input  verification 

b.  Reinforced  concrete  section  design/ review 

c.  Structural  steel  section  design/review 

d.  Timber  section  design/review 

e.  Load  rating  factors 

f .  Load  rating  summary  sheet 

The  section  design/review  reports  consist  of  the  following  divisions: 

a.  Point  description 

b.  Input  section  dimensions 

c.  Materials  factors 

d.  Applied  actions 

e.  Allowable  stresses 
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3       5 

66 

wc 

00 
RD 
K  E 

n  i: 

D    C 
A   0 
T    D 
A   E 

ENTRY     1 
S 15 

ENTRY  2 

29 

ENTRY  3 

39 

C 

ENTRY  4                         ENTRY  5                         ENTRY  6              2 

4j                                    99                                    65  T 

0  11    5 

Output   Control 
Request    (lilt  in};  unci 
Design   Reports) 

Run  Control 
l)=Posign/Roview 
l=Rat  nig 

Compos  i  te-doad  load 
run  O-'.o   l=Yes 
2=1. i»v   load  mn 

5  l)    1 

lilt  ID,    ill  lowable    to 
yield  stress--  reinf 

steel    [ beams  1 

Ratio,   allowable  to 
yield   st rcss-- reinf 
steel    (columns) 

Ratio,  allowable  to 
ult  inate  'st  rcss- - 
concrete 

Rat io,   allowable  to 
vicld   stress-- 
structural   steel 

lilt  io,   al  low.ihle  to 
design  stress-- 
t  imher 

5  11  . 

Ratio,  ill  lowable  to 
yield  stress   -reinf 

Steel     IhCiUILS] 

Ratio,  allowable  to 
yield  stress--  '-cm1' 
steel    (columns  I 

Rat  io,   ill  lowable  to 
ult imate  stress- - 
concrete 

Patio,   allowable  to 
yield  stress-- 
structural    steel 

Rat io,   al lowable  to 
design  stress-- 
t  imber 

5    1    I) 

Sol t  ion  number 

Type  code 

Section  number 

Tvpe  code 

Sect  ion  number 

Tyne  code 

5   2   1) 

Iiesign  point 
nunbei 

Design  point 
number 

Design  point 
number 

Design  noint 
number 

bes  i  gn  no  i  nt 
number 

Design  noint 
number 

s  :  i 

Point   number   for 
added  actions 

Shear  parallel   to 
y.  pliinc,   in  y 
direct  ion 

Moment   about 
z;  axis 

Ax  i  a  1    1  oad 

Moment  about 

xx  axis    ( torque  1 

Moment  about 
yv  axis 

5  :  2 

Shear  puralle!   to 
zy  plane,    in   : 
direction 

Reaction  paral lei 
to  yz  plane,    in 
y  direct  ion 

5   2    3 

Point   ninber   lor 
added  propert  ies 

Moment  of   inertia 
about  yy  axis 

5   3  0 

Point  number   Tor 
steel   section 

Type  of  section  1} 
2=Kolled;Welded 
3=P,iveted  4=Comp 

Yield  stress  of  web 

Yield  stress  of 
bott   flange   ('■.hen 
y   to  weh  stress) 

Yield  stress  of  too 
flange   (when  ¥    to 
web  stress) 

Modulus  of 
elasticity  ratio- - 
steel   to  concrete      1 

5   3   1 

Angle  ol   web   from 
vertical 

Spacing  of 
t  ransverse 
stif feners 

Thickness  of 
hearing  stif feners 

Width  of  bearing 
sti  f feners 

Longitudinal 
stif feners 
l=Yes  0=vo 

Unsupported   length 
of  compression 
flange                            1 

S   3  2 

I'vpo  of  sect  ion 
l=Open  2=Closed 

Radius  of   f  i  llet 

1 

3   5  C 

Allowable  shear  at 
composite  or  upper 
cover  plate 

Al  lowable  shear  iit 
lower  cover  plate 

fc    (composite   run 

onlv) 

Point  number   foi 
reinforced  con- 
crete  sect  ion 

Yield  stress  of 
main  reinf  steel 
in  tension 

Yield  stress  of 
reinf  steel    for 
stirrups,   ties, etc 

Ultimate  stress  of 
concrete 

Percent   of  con- 
crete  for 
shear 

Modulus  of  elas- 
ticity ratio--steel 
to  concrete                    1 

5   5   1 

Distance  to 
centroid  ol"  steel 
in  hott  of  section 

Distance  to 
centroid  of  steel 
in  top  of  section 

1 

C      -      t 

\rea  of  steel 
(AS1) 

Distance   to 
centroid  of  ASI 
(Dl) 

\rca  of  steel 
f  AS2  1 

Distance  to 
centroid  of   \S2 
(112) 

Area  of  steel 
(AS3) 

Distance  to 

centroid  of   \.S3 

(D3)                                1 

5   5   2 

Area   of  steel 
(AS  4  1 

Distance  to 
centroid  of  AS4 
(D4) 

Area  of  steel 
(AS5) 

Distance  to 
centroid  of  AS5 
(D51 

Area  of  steel    for 
stirruns,   ties  or 
spirals 

Spacing  of 
stirrups,   tics  or 
spirals                          1 

".   S   4 

Area  of  steel    in 
left  end  oi    sec- 
tion   (ASI  ) 

Distance  to 
centroid  ol    ASI. 
(Ill/) 

Area  of  steel    in 
right   end  of 
section   (ASP) 

Distance  to 
centroid  of  ASR 
fCI.RI 

Type  of  shear 
reinforcement 
l=Tic  2=Spiral 

5   '.i  C 

Point   number    for 
timber  section 

lies  ign  stress  of 
timber   in   flexure 

Design  stress  of 
timber    in 
horizontal   shear 

Design  stress  of 
timber    in 
compression 

1 

5  9   1 

Length  nf  bearing 

Distance   from    tvI 
of  nenher 

'.Vidth  of  bearing 

TRAIL 

in  ca 

R( 

|9.9.9 

1 

5 

NOTE:  A  trailer  cord  mutl  follow  trio  lott  •tructur*  cord  contoininf  doto 
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f.  Actual  stresses 

g.  Special  design  criteria,  depending  upon  the  section  type, 

The  actual  stresses  report  refers  to  design  stress  points  one  thru 
seven,  as  shown  in  Figure  77. 


ar-F- 

Dttlgn  Point 
Z=JD                    1 

Neutral 

= I 

Axil 

7 
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Figure  77 
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3.4  Matrix  Inversion 

3.4.1  General  Information.  .This  program,  "Matrix  Inversion"  (MB001), 
will  take  an  array,  up  to  38  by  38,  and  produce  an  inversion  for  it.  It 
is  imperative  that  the  matrix  be  square;  i.a,  it  must  have  the  same  number 
of  rows  as  it  has  columns.  In  addition,  no  principle  diagonal  value 

may  be  equal  to  zero.  If  a  zero  condition  exists,  an  error  message  will 
be  typed  with  the  subscript  of  the  diagonal. 

The  input  may  consist  of  a  comment  card,  control  card,  any  number  of 
data  cards  from  one  to  999  and  a  trailer  card.  The  number  of  cards  for 
■  one  row  will  be  the  size  of  the  matrix  divided  by  six,  with  the  number 
always  rounded  up  to  the  next  whole  digit.  The  total  number  of  input 
cards  will  be  the  number  of  cards  times  the  size  of  the  matrix.  Input 
may  also  be  called  internally  by  the  program  from  the  disk  record 
numbers  135  through  207. 

The  printed  output  is  achieved  by  MB001G,  which  is  called  internally. 
The  inverted  matrix  is  then  recorded  on  the  disk  at  record  numbers  135 
through  207,  replacing  the  original  input  matrix. 

3.4.2  Mathematical  Derivations.  Matrix  inversion  routine  for  solution 
of  many  equations  in  many  unknowns.  Given  the  matrices 


Ai,i  Ai,2  Ai,3  Ai,4 


A2,l   A2,2   A2,3   A2,4 


A3,l   A3,2   A3,3   A3,4 


\l  \f2      \,3  \,k 


—1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

where  the  "A"  matrix  is  a  coefficient  matrix  of  size  m2  coupled  with 
the  identity  matrix  to  make  an  m  by  2m  array  (let  us  say  mn  array) . 

Using  Gauss'  method1  (elimination), with  the  restriction  that  no  principle 
diagonal  can  ever  be  equal  to  zero,  we  have  the  following: 


Step  1 

if   An 

1 1 

i   * 

0 

C  = 

=  Al, 

1 

FORM 


A,    i   =  A, 


Ai    o    —   A 


l,l=Al,l/C  Al,2    =   Al,2/C  A1,3=A1,3/C 


Ai     t    —  Ai 


n 


[Ai,n  =  AlfI1/C] 

n  =  1  ->  m 


Numerical  Analysis,   Kaiser  S.    Kunz,  McGraw-Hill  Book  Gompany,   Inc., 
1957,  Chapter  10 
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Step  2 
Bi  =  A2,i 

A2,i  =  A2,i  -  Ai,i  Bi 

A2,2  =  A2,2  -  Ai,2  Bi 

A2,3  =  A2)3  -  Ai,3  Bi 

Step  3 

B2  =  A3,i 

A3,i  =  A3,i  -  Ai,i  B2 
A3, 2  =  A3,2  -  Ai>2  B2 

Step  4 

if 

A2,2  *   0 

C  =  A2>2 
A2,2  =  A2,2/C 

Step  5 
Bi  =  A3>2 

A3, 2  =  A3>2  -  A2>2  Bx 

A3, 3  =  A3>3  =  A2>3  Bi 

until  the  generated  matrix  is 


[A2,n  =  A2,n   -  Ai,nB] 
n  =  1  ->  m 


n 


n 
[A3,n  =  A3,n  -  A1>nB] 

n  =  1  ->  m 

GENERAL 

[Ai,i  =  Ai,j   -  Ai,jBj] 

i  =  2  ■>  m 
j   =  1  ->  n 


n 
[A2,n  =  A2,n/C] 

n  =  2  ■+  m 

[A3,n  =  A3,n  -  A2,nBi] 

n  =  2  ■*  m 
GENERAL 

[Ai,j   =  Ai,j   -  A2,iBj] 

'  i  =  3  ■*■  m 

j   =  2  ->•  n 


n 
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1     Ai,2  A1>3  A1>lt 


0       1  A2,3A2,4 


0     0         1        A. 


0     0         0         1 


Step  6 

B  =  Ai,2 

Ai,2  =  Ai,?   -  A2>2  B 

Ai,3  =  Ai,3  -  A2,3  B 

Ai,4  =  Ai,4  -  A2,4  B 

Step  7 

B  =  Ai,3 

Al,3   =   Al,3    -   A3,3    B 

Ai,4  =  A1)t+  -  A3)i+  B 


Step  8 


B  =  A 


2,3 


A2,  3    -   A2)3    -    A3?3    B 

A2,4  =  A2jlt  -  A3,it  B 


Step  9 


=  A 


1,4 


Ai,4  -  Ai)(+   -  Ait , 4  B 


Ai,5  =  A1>5  -  Au.r  B 


A1,5.A1,6    Al,7    Alj( 


A2,5   A2,6   A2,7   A2,l 


A3,5   A3,6   A3,7  A3,i 


Alt,5   A4,6   A4,7    A4,l 


W+,5 


until  the  generated  matrix  is 


10  0  0 
0  10  0 
0  0  10 
0       0       0       1 


Al,l    Al,2    Al,3    Al," 
A2,l    A2,2    A2,3    A2,4 


A3,l    A3,2    A3,3    A3,4 
A4,l    A4,2    A4,3   A4,4 
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n 


[Ai,n  =  Ai,n  -  A2,nB] 

n  =  2  -*■  m 


n 


[Ai,n  =  Ai,n  "  A3,nB] 
n  =  3  -*  m 


n 


[A2>n  =  A2,n  -  A3>nB] 

n  =  3  -►  m 


[Ai,n  =  Ai,n  -  A^B] 
n  =  4  ■+  m 


3.4.3  Description  of  Input.  The  input  may  consist  of  cards  punched 
from  a  coded  Form  C-16  or  may  be  read  from  the  disk  at  record  numbers 
135  through  207. 

The  comment  card  consists  of  77  positions  of  alphanumeric  program 
identification. 

a.  The  control  card  contains  the  work  code  entry,  "MB",  and 
data  code  entry  001.  Entry  #1  asks  for  the  matrix  size,  m. 

b.  Data  Code  001  asks  for  the  matrix  elements  in  sequence 
in  the  first  row.  Each  entry  contains  one  element.  If  the 
matrix  size  is  of  such  a  nature  that  additional  entries  are 
required  for  the  first  row,  increment  the  data  code  by  one, 
and  enter  consecutively  the  next  six  elements.  Repeat  this 
process  to  a  maximum  of  38  elements,  as  required. 

c.  Upon  completing  the  entries  for  the  first  row  of  the 
matrix,  using  the  next  data  code  in  sequence,  repeat  the  steps 
listed  above  for  all  other  rows  in  the  matrix. 

Since  the  data  cards  contain  an  ascending  numeric  code  in  the 
data  code  field,  they  must  be  in  ascending  order  when  process- 
ing. The  total  number  of  input  cards  is  determined  by  the 
number  of  cards  in  each  row  times  the  size  of  the  matrix, 

3.4.4  Description  of  Output.  The  output  is  recorded  on  disk  at  disk 
records  numbers  135  through  207.  When  this  is  recorded,  it  destroys 
the  original  matrix. 

For  samples  of  printed  output,  with  program  input,  see  4.  Sample 
Problems . 
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